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Proceedings of the Four Hundred and Forty-fourth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
November 8, 1906—Mr. Jonn Gavey, C.B., 
President, in the chair. 


The minutes of the Annual General Meeting held on May 24, 
1906, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 
TRANSFERS. 
From the class of Associate Members to that of Members— 
David O. Evans. | Frederick W. Mills. 
F. A. Wilkinson. 


From the class of Associates to that of ие Members— 


Francis С. С. Baldwin. | Н. Н. S. Marsh. 

Wm. H. Barker. F 5. К. M. Nicholl. 
Harry U. Collins. | W. С. Royal-Dawson. 
Arthur В. Cooper. Hugh Sharman. 

Claud Crompton. Edward A. Short. 

John T. Irwin. Jas. A. Walker. 

Frederic D. Latimer. Wm. B. Walker. 


From the class of Students to that of Associate MemLers— 
J. D. K. Restler. | Arthur B. Scorer. 


Arthur А. Watkins, 
VoL. 88. 1 


2 VOTE OF THANKS TO RETIRING PRESIDENT. (Хоу. 8th, 


The PRESIDENT: Before opening the proceedings I have a pleasant 
announcement to make. As most of you are aware, I have just spent 
some four or five weeks in Berlin, and whilst there I was invited to 
attend a meeting of the Electrotechnischer Verein, at which a paper was 
read by Mr. Poulsen, the well-known inventor of the telegraphone, on 
А New Method of Wireless Telegraphy, which I am glad to say was 
founded on some original researches made by one of our members, 
Mr. Duddell. His Excellency von Sydow, the President of that Insti- 
tution, taking advantage of my presence there, made a statement, in 
which he expressed the gratification of the German members at the 
hospitality which was extended to them during their recent visit to this 
country ; and he desired to thank the Institution, through me, for that 
hospitality. It was a gratifying incident, which preceded an interesting 
address. 

Mr. JOHN Gavey then presented the Premiums and Scholarships 
referred to in the Annual Report for the year 1905-6. 

Mr. Gavey then vacated the chair, which was taken by Dr. R. T. 
Glazebrook, F.R.S., the new President. 

The Ркквірехт (Dr. В. T. Glazebrook) : Gentlemen, my first duty 
as President is to ask Mr. Siemens to be good enough to propose a 
Resolution. 

Mr. ALEXANDER SIEMENS (Past President): Gentlemen, it is my 
pleasing duty to propose, “ That the best thanks of the members of the 
Institution of Electrical Engineers be given to Mr. John Gavey, C.B., 
for the very able manner in which he has filled the office of President 
during the past twelve months." Itis hardly necessary for me to say 
many words in proposing this resolution. Mr. Gavey, I have no doubt, 
has during his presidency experienced the usual troubles which all 
Presidents have ; but we must bear in mind the fact that, in addition, 
hc has been a very able and efficient host to the foreign Societies which 
we invited to visit this country in June of this year. He has just told 
us how the German Society thanked him when he was in Berlin for 
the way in which the members of that Society were received, and I am 
sure you all know how very much Mr. Gavey personally contributed 
to the success of that gathering. I have all the more pleasure in pro- 
posing a vote of thanks to him for the efficient manner in which he 
performed the duties of his office because some of you may remember 
that I had the honour of introducing him to you last year. I have 
very much pleasure in moving the resolution. 

Мг. W. М. Morpbey (Vice-President) : Sir, the duty devolves upon 
me—and I am very glad it does—of seconding the proposal that has just 
been made. We must not forget, in speeding our parting President, 
that this Institution began as the Institution of Telegraph Engineers. 
This year in particular it has been very fitting that our President should 
have been a distinguished member of the oldest branch of our profes- 
sion. England is the home of submarine telegraphy, which was 
developed іп an endeavour to keep in touch with our foreign friends. 
This year we have tried to make that connection still closer, as you 
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know, by conducting our foreign guests round our country, under the 
guidance of our President, and showing them some of the developments 
of electrical engineering here. I am sure we all wish to thank him 
now, at the end of his year of office, for the way in which he has 
carried out his unusually onerous duties, for the kindliness and the 
dignity with which he has conducted all our meetings, and for the way 
in which he has represented this Institution at home and abroad. 1 
have great pleasure in seconding the proposal of Mr. Siemens. 

Мг. |. GavEv : Gentlemen, I thank you very heartily for the kind 
manner іп which you have received the proposal of Mr. Siemens 
and Mr. Mordey. I am very proud of having had the honour of 
presiding over this great Institution during the past Session. If I have 
not wholly failed in conducting the work of the Institution, I owe what 
little success Г may have achieved very largely to the hearty co- 
operation апа goodwill of my friends and colleagues on the Council, 
and, in the second place, to the consideration you have been good 
enough to show me in conducting the debates of the Institution. 
Again, gentlemen, I thank you. 


The PREsIDENT then delivered his Inaugural Address. 
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INAUGURAL ADDRESS. 
Ву Dr. К. T. GLAZEBROOK, F.R.S., President. 


GENTLEMEN,—Let me commence my address by thanking you very 
sincerely for placing me in this chair. Тһе post to which you have 
called me is a most honourable one. I value the distinction highly, 
and accept the responsibility it entails with the full intention of doing 
all I can to promote the best interest of the Institution, and with the 
sure hope that in this endeavour I shall have the support of its 
members. 

Since the last Presidential Address we have lost some of our 
members by the hand of death ; among these I would specially remind 
you of the name and work of Carl Heinrich von Siemens. Born іп 
1829, he was the sixth іп a family of eleven sons, and his work for 
engineering science is closely bound up with that of his three brothers, 
William, Werner, and Friedrich. After representing the firm of Siemens 
and Halske for some time in St. Petersburg, he scttled in London in 
1869, and took an active share in the business of Messrs. Siemens Bros. 
He took charge of the new cable ship Faraday on her first voyage, and 
was the first to succeed in recovering from the Atlantic a broken cable. 
After eleven ycars in England he returned to Russia, but in 1892 
settled in Berlin as head of the firm of Messrs. Siemens and Halske. 
He was a Vice-President of our Institution, having been a member from 
the time of its foundation. 

During this year our progress has been marked ; the Annual Report 
of the Council gives full statistics. Our members have increased and 
now reach 5,800. Тһе pages of the Journal contain evidence of the 
value of our work and of the wide scope of the interests with which 
we are concerned; while among important matters which are not 
vet completed I should like to refer to the work of the Wiring Rules 
Committee, of which Mr. C. P. Sparks, Vice-President, is the Chairman, 
and to the reorganisation of the Library, which is being carried through 
at the cost of much personal labour by Mr. Duddell, Chairman of the 
Library Committee, Professor Thompson, and Mr. Mather. 

During the autumn of the past year a very successful Electrical 
Exhibition was held at Olympia. The Council were glad to accept the 
position of patrons to the Exhibition, and gratefully acknowledge the 
kindness of the Organising Committee in handing a large donation 
from their balance to the Benevolent Fund of the Institution. 

Nor is it only in London that our activities have shown themselves. 
Throughout the country the number of our members is becoming 
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larger, and the papers which are contributed to their meetings аге 
growing in importance and in value. 

Those of us who were fortunate enough to take part in the tour last 
July were gratified and pleased at the strength and vigour of our Local 
Sections in the great towns we visited, and at the positions which 
prominent members of those Sections had won for themselves. 

But this same growth brings its own difficulties. Тһе question liow 
best to utilise the various forces of the Institution for the bencfit of the 
whole is ever with the Council, and for its solution needs careful 
thought. Mr. Gray referred to it in his address three years ago. I 
mention it now, not to discuss it, but merely to express my own view 
of the importance of securing to each Section liberty of action in its 
own affairs, while at the same time giving to the central body the 
strength which it can only possess through gaining the full contidence 
of the Sections, and which is necessary for the welfare of the whole. 

It is impossible, I know, for the Chairmen of our Local Sections to 
attend meetings of the Council ог its Committees with the regularity 
of London members. May I take this opportunity of telling them that 
{һеу are always very welcome and of assuring them on behalf of their 
colleagues that their experience of local needs is most valuable to the 
Counci!, and that suggestions which they may make for adding to the 
usefulness of the Institution will be most carefully considered ? 

And in reviewing very briefly the events of the past year I should 
like to thank the authors of the various papers which have been con- 
tributed to our Proceedings. It is no light task for busy men like 
those whose names appear in this volume to write papers such as we 
have listened to. Their labours have added to the sum of our know- 
ledge, and have advanced both the principles and practice of electrical 
engineering. The large attendance at our mectings, the number of 
speakers, and the numerous points raised in the discussions, all testify to 
the interest and importance of their work. 

But while the ordinary path of the Institution has been full of 
interest, the visit of our kindred societies from other lands stands out 
as the marked feature of the year. The story of that visit is well known 
to you all; still, it seems right to put on record some few facts relating 
to it. The desirability of inviting to England many friends whose hos- 
pitality we had ourselves enjoyed, and by whose experience we had so 
greatly benefited, was realised as soon as the question was mooted, and 
the generous response made to the first suggestion of the Council 
quickly brought the matter within the bounds of practical politics. The 
invitation of the Institution was accepted by some two hundred guests,” 
and their visit was, we may fairly claim, a great success. So far as the 
countrv tour was concerned, that success was due in no small measure 
to our Local Sections, and to the support and assistance they received 


* The invitation was issued to and accepted by the following associations : The 
American Institute of Electrical Engineers, The Canadian Electrical Association, The 
Secrete Internationale des Electriciens, The Elektrotechnischer Verein, The Verband 
Deutscher Elektrotechniker, The Associazione Elettrotecnica Italiana, The Schweizer- 
ischer Elcktrotechinischer Verein. 
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from the municipal authorities in the various towns which we visited. 
This support changed the whole character of the tour. Everywhere 
it became a public event, and the enthusiasm with which the local 
authorities took the matter up, the trouble thev gave themselves to 
make it a success, and the generous hospitalitv they offered to our 
guests, were preponderating factors in determining the results of the 
visit. As our President said at Glasgow, the courtesies we received 
converted the private hospitality of the Institution into an act of 
international courtesy. 

The pleasure of our visit to Glasgow was enhanced in no small 
measure by the fact that Lord Kelvin received us as President of the 
Local Section, and the presentation which the Italian delegates made to 
him was an act of homage which gave the deepest satisfaction to us all. 

Formal thanks have gone from the Council to those who entertained 
us. Ifeel, however, that you would wish me to express publicly to our 
kind hosts acknowledgments of their help. 

The Council, too, at its meeting in July passed a very cordial vote of 
thanks to our ex-President and to Mrs. Gavey for all they did to con- 
tribute to the success of the visit; to Mr. Gray, whose ready tact and 
courtesy smoothed over every difficulty, and whose only thought seemed 
to be how to make all around as contented as himself ; and to the 
officials of the Institution, who throughout interpreted in the most 
admirable manner the wishes of the Council, and devoted themselves 
іп the most whole-hearted way to giving those wishes effect. You, I 
am sure, whom I am now addressing, will confirm these votes and 
express to all whom I have mentioned your hearty thanks for their 
services to our Institution. 

My own scientific work for many years past has been concerned so 
largely with units of measurement, standards, and standardisation, that 
you will pardon me, I trust, if I ask your attention for a brief time to the 
early history and to some of the present aspects of these and allied 
problems. 

I hope that no apology is needed for the choice. Standards and exact 
measurement do not appeal to all. Some weeks ago a distinguished 
visitor was looking in my laboratory at a string of figures which 
represented the results of a long series of measurements. Тһе figures 
were given to five places, and his remark was, “ If you really wish to 
sce what the differences between your individual experiments are, you 
will have to calculate another place of decimals.” I fear that many 
present will hardly appreciate fully the pleasure those words gave to his 
listeners; and yet the history of standardisation is most interesting, and 
the account of the progress whereby the present high state of accuracy 
has been rcached, from the davs when a cow or sheep was the unit of 
value, or a barleycorn a measure of length, through those in which the 
yard was determined by the stretch of the sovereign's arm, up to our 
own times, is a fascinating one. Оп the general subject reference 
may be made to a recent work—“ The Evolution of Weights and 
Measures," by Hallock and Wade. 


1906.) GLAZEBROOK: INAUGURAL ADDRESS. 7 


Іп our own subject the story is comparatively short. Тһе first 
Report of the Electrical Standards Committee of the British Association * 
is dated October 3, 1862. It deals with the valuc of the unit of resistance 
and incidentally establishes the absolute system of electrical units. 

The entire connection between the various units, the Report says, 
may be summed up as follows :— 

* A battery or rheomotor of unit electromotive force will generate a 
current of unit strength in a circuit of unit resistance, and in the unit 
of time will convey a unit quantity of electricity through this circuit and 
do a unit of work or its equivalent." 

The words sound very simple and elementary in 1906 ; it is only 
forty-four years since they were penned and electrical measurements 
began. 

An absolute determination of the unit oftresistance had already been 
made by Weber ; the Committee proposed to make a fresh determina- 
tion, and they state : “И Professor Weber's results accord within т per 
cent. with these new determinations, it is proposed that provisional 
standards shall be made of German silver wire in the usual way, and 
that they should at once be issued to all interested in the subject 
without waiting for the construction of the final material standard." 
We are now striving to multiply this accuracy one thousand times. 

Next year Joule and Maxwell appear as members of the Committee, 
and the Reports of 1863 апа 1864 contain accounts of the first experiments 
for the determination of the ohm in absolute measure carried out by 
Maxwell and Fleeming Jenkinin the laboratory at King's College ; while 
in Appendix C to the Report of 1863 is to be found “а full explanation 
of the meaning of absolute measurement, and of the principles by 
which absolute electrical units are determined," which the Committee 
thought fit “ should form part of the present Report, especially as the 
only information on the subject now extant is scattered in detached 
papers by Weber, Thomson, Helmholtz, and others, requiring con- 
siderable labour to collect and understand.” This Appendix on the 
Elementary Relations between Electrical Measurements is by Clerk 
Maxwell and Fleeming Jenkin, and is a model of what such an account 
should be. 

In 1865, we read, the Committee has the pleasure of reporting that 
the object for which they were first appointed has now been accom- 
plished. Тһе unit of electrical resistance has been chosen and 
determined by fresh experiments ; the standards have been prepared, 
and copies of these standards have been made with the same care 
as was employed in adjusting these standards themsclves. Of these 
copies, ten made of various alloys were prepared with great care 
and deposited at the Kew Observatory. It is interesting to note 

that after various journeyings they have now come back, in a sense, to 
ther original destination : they are in my charge at the National 
Physical Laboratory. 


-* The members of the Committee were Professor Williamson, Professor Wheatstone, 
Professor W, Thomson, Professor Miller, Dr. Matthiessen, and Мг. F. Jenkin. 


8 GLAZEBROOK : INAUGURAL ADDRESS. (Хоу. &h, 


Fleeming Jenkin, in his Report to the Royal Society on the new unit 
of resistance proposed and issued by the Committee on Electrical 
Standards appointed in 1851 by the British Association, gives a history of 
the whole subject, starting from the days of Lenz, who in 1833 stated that 
I foot of No. 11 copper wire was his unit of resistance, and Wheatstone, 
who in 1843 proposed 1 foot of copper wire weighing roo grains, not 
only as a unit but as а standard of resistance, until the time when in 
England the unit was the mile of No. 16 copper wire, in Germany the 
mile of No. 8 iron wire, and in France the kilometre of iron wire 
4 millimetres in diameter, down to the mercury unit of Werner von 
Siemens, to which in our recent legislation we have so nearly returned. 

The question of electrical standards in its present phase was last 
brought before us by Мг. Duddell in his very able Report on the pro- 
ceedings at the St. Louis Conference, and occupied us for a large part 
of two evenings in April of last year. You will remember that in the 
course of Mr. Duddell's Report he referred to two important resolutions 
passed at St. Louis, and the question of giving cftect to these was соп- 
sidered. Тһе first resolution was as follows :— 

"[t appears from papers laid before the International Electrical 
Congress, and from the discussion, that there are considerable discre- 
pancies between the laws relating to electric units, or their interpreta- 
tion, in the various countries represented, which in the opinion of 
this Chamber require consideration with a view to securing practical 
uniformity. Other questions bearing on nomenclature and the 
determination of units and standards have also been raised on which, 
in the opinion of this Chamber, it is desirable to have international 
agreement. 

“The Chamberof Delegates considers that these and similar questions 
could best be dealt with by an International Commission representing 
the Governments concerned. Such a Commission might in the first 
instance be appointed by those countries in which legislation on electric 
units has been adopted, and consist of (say) two members from each 
country. Provision should be made for securing the adhesion of other 
countries prepared to adopt the conclusions of the Committee." 

At the discussion I was able to announce that His Majesty's 
Government were prepared to assist by nominating delegates to such 
a Conference, and possibly by more active aid than that. 

Since that date the matter has progressed very considerably. In 
October, 1905, a Conference of representatives of standardising labora- 
tories was, by the very kind invitation of Professor Warburg, President 
of the Reichsanstalt, held at Charlottenburg, to consider the position of 
the subject and to discuss the questions which might come before such 
a Congress if it were held. 

Representatives were present from America, Austria, Belgium, 
France, Germany, and Great Britain, and Professor Mascart, of Paris, 
was unanimously invited to take the chair. After very careful dis. 
cussion the following resolution was adopted :— 

“In view of the fact that the laws of the different countries in 
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relation to electrical units are not in complete agreement, the Confer- 
ence holds it desirable that an official Conference should be held in the 
course of a year with the object of bringing about this agreement." 

This result was reported to the Government, and the Foreign Office 
issued invitations to a Conference for this purpose, to be held, probably, 
in October,* 1907. 

These invitations have been very cordially received, and there is 
little doubt but that about a year Вейсе this important Congress will 
be held in London. 

And now as to some of the matters which will come before the 
Congress when it is held, and which were considercdat Berlin last year. 

Ot the three units of resistance, current, and electromotive force, two 
only are independent, and it will be remembered that at St. Louis, while 
it was agreed that the unit of resistance must be опе of these, there was 
some difference of opinion as to whether the volt or the ampere should 
be the second. This question was considered at Berlin. Professor 
Carhart strongly pressed the view that the volt—defined for practical 
purposes by the E.M.F. of some standard cell—should be the second, 
but in this he found little support, and in the end the two following 
decisions were come to :— 

I. That only two electrical units shall be chosen as fundamental 
units. 

2. The international ohm, defined by the resistance of a column of 
mercury, and the international ampere, defined by the deposition of 
silver, are to be taken as the fundamental electrical units. 

Accepting, then, these two resolutions, a definition of the interna- 
tional volt 15 required, and that is given by a third resolution. 

3. The international volt is that electromotive force which produces 
an electric current of one international ampere in a conductor whose 
resistance is one international ohm. 

But this resolution by itself does not enable us to realise the volt in 
а concrete manner except by the measurement of a current and а 
resistance ; some reference to a standard cell is required, and that is 
attorded by Resolution 4. 

4. The Weston cadmium cell shall be adopted as the standard cell. 

It will be noted, however, that these resolutions by themselves do not 
define the relation between these international units and the absolute 
C.G.S. units. It is understood that the international ohm, ampere, and 
volt represent, at any rate with sufficient exactness for practical pur- 

poses, the ohm, the ampere, and the volt of the C.G.S. system, or 109 
C.G.S. units of resistance, 107' C.G.S. units of current, and то C.G.S. units 
of electromotive force respectively. But for this purpose the dimen- 
sions and temperature of the mercury column, the weight of silver 

* The date October, 1906, was first suggested, but consideration showed that it was 
to» soon to enable the necessary preliminary work to be done. 

+ These decisions, it should be noted, are in harmony with a resolution of the 
Electrical Standards Committee of the British Association passed on October 10, 1995, 


to the efect “That two units should be detined independently, and that these two 
should be the unit of resistance and the unit of current." 
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deposited under definite conditions in a given time, and the E.M.F. 
in C.G.S. units of the standard cell must all be found. 

These matters were brought under consideration in turn. In the 
case of the ohm, while there was no proposal to modify the statement 
of the dimension of the mercury column formulated at Edinburgh in 
1892, some important conclusions were reached as to the best method 
of constructing practical standards having a resistance of 1 ohm. 

With regard to the ampere and the volt, it was felt that though 
recent work had made uncertain the numbers generally accepted for 
the weight of silver deposited per second by то * C.G.S. units and the 
E.M.F. of the Clark or Weston cell, there was not sufficient evidence 
available at that time to settle these questions, and the opinion was 
therefore expressed by the Conference— 

I. That the information before it is not sufficient to enable it to 
propose any alteration in the formerly accepted value for the ampere. 

2. That the information before it is not sufficient to enable it to lay 
down exact directions in respect to the silver voltameter and the 
standard cell. 

While, finally, the opinion was expressed by the Conference that on 
such matters as the exact value of the electro-chemical equivalent of 
silver or the procedure to be followed with regard to the use of the 
silver voltameter or the construction of the standard cell, it was 
important that agreement should be reached between the Standardising 
Institutions concerned before a formal Conference was asked to decide 
on them, and that if such agreement was not reached by correspond- 
ence a new preliminary Conference should be held. 

Accordingly, since October last experiments have been going on in 
various countries to decide the questions left open. 

Professor Ayrton described during the discussion already referred 
to, the balance, the electrical part of which has been constructed at the 
National Physical Laboratory from the designs of himself and Mr. 
Mather as given in working drawings made by Mr. Gregory at the 
Central Technical College. Since that date a very large number of 
results have been obtained by the balance, both for the mass of silver 
deposited and the E.M.F. of a Weston cell. The material is being 
prepared for publication, and although some points still need further 
elucidation, I may say that the agreement reached is most gratifying, 

and the results will enable us to state both the value of the international 
` ampere and the E.M.F. of the се] т C.G.S. units to a very high degree 
of accuracy, a degree which, at any rate, is far beyond anything that 
will be required for commercial purposes for years to come. 

At the same time it must be remembered that we require to know 
the value of our standards to a much higher order of accuracy than 
that to which they are used in order to be certain of our results. Much 
of the rapid progress of the electrical industry is due to the fact that 
the quantities dealt with are capable of very exact measurement, and I 
trust that we shall never underrate the importance of great exactness in 
all fundamental measurements. 
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And now let me turn to another aspect of standardisation. It 
appears that it is not only necessary that the fundamental units of our 
science should be the same throughout the world; of recent years 
the conviction has grown stronger that the welfare of the nations 
may be promoted by the extension of this principle, and International 
Standardisation has become a question of the first importance. 

Much of the work of the Engineering Standards Committee is 
known to all members of the Institution. I propose to return later to 
some of its aspects. Two years ago Colonel Crompton, the enthusiastic 
Chairman of one of the sub-committees, brought the question of 
standardisation before the St. Louis Congress, and that act has had a 
wide-reaching result, for the Chamber of Delegates at St. Louis took 
up the question and adopted unanimously the following resolution : 
“That steps should be taken to secure the co-operation of the technical 
societies of the world by the appointment of а representative 
Commission to consider the questions of the standardisation of the 
nomenclature and ratings of electrical apparatus and machinery.” 

It was further agrecd : “That the delegates report the resolution of 
the Chamber to their respective technical societies, with the request 
that the societies take such action as they may deem best to give effect 
to this resolution ; and that the delegates be requested to communicate 
the result of such action to Colonel К. Е. В. Crompton, of Chelmsford, 
England, and to the President of the American Institute of Electrical 
Engineers, New York City.” 

In accordance with this, Colonel Crompton communicated the 
desire of the Congress to the Institution of Civil Engincers, and after 
due consideration it was proposed that our Institution should take up 
the matter by appointing an Executive Committce to consider and 
report upon a scheme for the constitution of an International Com- 
mission, in accordance with the resolution passed by the Chamber of 
Delegates at the International Congress of St. Louis in 1904, and to 
pursue any course which might seem desirable to them to enable them 
to submit a satisfactory report. 

Colonel Crompton had already stated that in response to preliminary 
inquiries, replies favourable to the constitution of such a Commission 
had been received from the Electrical Societies of France, Hungary, 
the United States, Italy, Germany, Denmark, Sweden, Norway, and 
Canada. 

This step was willingly taken by your Council, and arrangements 
were made for communicating with the technical societies of the 
various countries and organising a preliminary mecting of delegates 
for the purpose of constituting the proposed International Commission, 

The fact that the Institution was welcoming its foreign guests in June 
last made that time a convenient one, and meetings of the delegates 
were held on June 26th and 27th under the chairmanship of our 
ex-President, Mr. Siemens, who had acted as President of the Exccutive 
Committee. 

The following countries were represented, and the list shows how 
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keen was the interest іп the work : America, Austria, Belgium, Canada, 
France, Germany, Great Britain, Holland, Hungary, Italy, Japan, 
Switzerland, and Spain ; while it was stated that Denmark, Norway and 
Sweden had accepted the invitation, but that their delegates had not 
been appointed. 

The Chairman explained that the first business of the mecting was 
to constitute the Commission by adopting a set of rules. А draft which 
had been provisionally prepared and circulated previously to the 
delegates was then referred to a sub-committee for detailed considera- 
tion, and at an adjourned meeting on June 27th the proposals of the 
Committee, after further consideration and amendment, were adopted, 
subject to ratification by the authorities by whom the delegates жеге 
appointed. 

According to the scheme as thus settled, the Commission is to be 
known as the International Electrotechnical Commission for the 
standardisation of nomenclature and ratings of clectrical apparatus 
and machinery ; it is formed for the purpose of carrying out the 
resolution of the Chamber of Government Delegates at the International 
Electrical Congress of St. Louis in September, 1904, which has already 
bcen quoted. 

Any self-governing country desiring to join the Commission may 
form a local committee. "These committees are to be formed onc for 
each country, by the technical societies of each country. In a country 
having no such technical societies, the Government may appoint a 
committee. 

Each committee is to send delegates to the Commission. Each 
country is entitled to one vote only, whatever the number of delegates 
which it may send. Only such decisions may be published as those 
of the International Electrotechnical Commission which have bcen 
passed unanimously by the Commission. All decisions passed by a 
divided vote may be published only when the names of the countries 
voting for and against are given. 

The Central Offices of the Commission are for the present in 
London, at the office of the Institution of Electrical Engineers. The 
methods of carrying out the objects of the Commission are in the 
hands of a Council consisting of (a) the President of the Commission, 
(b) the Presidents of the local committees, (c) one delegate from each 
local committee, (d) the Honorary Secretary. 

In general, {һе business of the Commission will be conducted Бу 
correspondence, but the President may summon a mecting of the 
Council or of the Commission when he sees fit. А meeting is also to 
be held if three of thc local committees request that this should be 
done. These meetings are to take place in London, or in such other 
places as the majority of the Cominission determine. Each local 
committce is to find funds for its own expenses, and to contribute an 
equal share to the expenses of the Central Office. 

A local committee may fix its own rules as it thinks fit, provided 
these rules are not incompatible with those of the Commission. 


1906. ] GLAZEBROOK : INAUGURAL ADDRESS. 13 


At the meeting on June 27th, Lord Kelvin was appointed the first 
President of the Commission, and Colonel Crompton the first Honorary 
Secretary.* 

In accordance with the provision in the rules requiring that they 
should be ratified by the technical society representing each country, 
they were brought before the Council of the Institution in July last, 
and it was unanimously agreed that “ the Council give its adherence to 
the scheme as drawn up and approved by the Commission.” Ву this 
means the first British Local Committee was constituted.+ 

The task before the Commission is a large one. Nomenclature 
alone may well occupy its attention for a long period, and if we 
may judge by the labour expended on the work of the Electrical 
Committees of the Engineering Standards Committee, progress in 
dealing with the rating of machinery must be but slow. And as to 
the result, cui bono? A more detailed consideration of some of the 
work of the Engineering Standards Committee will, I believe, afford 
an answer to this inquiry, and will justify the statement that the ad- 
vantages to all of a well considered and judicious:. scheme of standard- 
isation are immense. As to nomenclature there can be no doubt, and 
though the task is a difficult one it is not, I think, impossible. As 
to rating machinery, while it must not be forgotten that the conditions 
of various countries differ widely, and that for this reason, if for no 
other, any attempt to force on engineers and manufacturers a cast- 
iron specification with which they must comply is bound to failurc, 
vet we must recognise that these considerations were before those who 
started this movement. Let me quote from Colonel Crompton's paper 
as to the extent to which electrical standardisation can usefully be 
carried. He says :— 

*] think we must all agree that electrical standardisation must 
bear a different meaning to standardisation of the far older and more 
crystallised types of machinery used by mechanical engineers. It is 
highly undesirable that any types, patterns, or sizes should be stand- 
ardised if these are likely in any way to hinder the future development 
of design ; but all who have looked into the matter know how much 
useful electrical standardising can be carried out in such matters as the 
settling оп correct nomenclature and definitions of certain terms, 
hitherto used in a somewhat loose way in text-books or in trade lists, 
in scttling standard test conditions, in determining a satisfactory 
mcthod of measuring the rise of temperature in the parts of clectrical 
machinery that are affected by temperature rise. In addition to this, 
we all fecl that some attempt must be made to standardise sizes in 


е [ owe this brief abstract of the rules to the kindness of the Secretary. 

+ The following are the members :—President, Mr. J. бахеу, C.B., President 
LEE. Vice-Presidents, Sir W. H. Preece, К C. B. ; Mr. Alexander Siemens. Members, 
Lord Kelvin, President of the Commission, Lord Ravleigh, Professor Callendar, Dr. 
К.Т. Glazebrook, Dr. S. Р. Thompson, Мг. А. С. Eborall, Мг. М. В. Field, Colonel 
Н. С. L. Holden, Mr. A. P. Trotter, Mr. C. H. Wordingham, Мг. G. H. Baillie, Mr. W. 
Duddell, Mr. К. К. Gray, Mr. C. Н. Merz, Мг. C. P. Sparks, Mr. E. B. Vignoles, Mr. К. 


Hammond, Hon. Treasurer, І.Е.Е., and Colonel Crompton, Hon. Sec. to the Com- 
mission. 


14 GLAZEBROOK : INAUGURAL ADDRESS. (Nov. 8th, 


order, if possible, to reduce the number of patterns that now must be 
kept by manufacturers, and many of which are felt by them to be 
wholly unnecessary, and which are only demanded because some 
manufacturers have produced them for special purposes." 

Or again: “We wish to standardise nomenclature, frequency, 
voltage, test conditions, and similar matters, and, if possible, to 
standardise ratings, so as to minimise, as far as possible, the num- 
ber of types which the responsible consumer or the consulting 
engineer can order. By such a standardisation of ratings we can 
eliminate the special types which the common sense of manufacturers 
and users has decided are not necessary as standard types. We do 
this in the interests of manufacturers as well as of users. We do not 
wish manufacturers to be burdened by an increased number of 
patterns, which we believe are practically unnecessary, and it is 
evident that by so limiting the number of patterns we facilitate the 
rapidity and economy of manufacture." 

Contrast this with a story told by Mr. C. F. Scott in the same 
discussion. Не said : “Аза foreign engineer expressed it to me, the 
engineer in his country was somewhat of an artist. Не wanted to 
build up a new plantaccording to his own ideas. If he simply followed 
somebody else there was nothing individual in his effort, any more than 
an artist would deserve inerit if he simply copied some one else's 
pictures. He wanted to build up a new system, and if he could find a 
voltage or a frequency that was a little better adapted to his particular 
plan, according to his opinion, why that was undoubtedly the thing to 
use. These arequite different ideasto what we have here, and I think 
ours are well worthy of due consideration." 

It is this belief that has led to the establishment of the International 
Commission. 

Returning now, however, to our own country, let us consider what 
advance we have made in this matter. Its dangers and its advan- 
tages are equally clear. Have we avoided the one and utilised the 
other ? 

A most interesting book has recently been published by Dr. 
Shadwell, on “Industrial Efficiency." In it he examines in fullest detail 
the conditions under which industries are carried out in the three 
leading industrial countries, England, Germany, and the United 
States; and, to quote from an article in the Spectator, “һе has made 
the resultant book as readable as a novel, and considerably more 
interesting than the average novel, because it is literally a transcript 
of life." 

His general conclusions are not altogether in our favour. After 
pointing out our debt to the physical advantages consisting in the 
adjacent deposits of coal and iron first developed in this country, he 
sums up the effect of the human element involved thus :— 

“Тіс American method of work in the industrial sphere is dis- 
tinguished by the following features: enterprise, audacity, push, 
restlessness, eagerness for novelty, inventiveness, emulation, cupidity. 
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The manufacturer aims at extending his business. He takes up 
novelties, encourages invention, studies the market, tries devices to 
increase output and diminish cost. Hence, for instance, the standard- 
isation of products, the organisation of the workshops, the demand 
for highly-educated officers, and the alert control exercised by large 
combinations. . . . The employed are eager to earn as much as 
possible and to better themselves. Both are absorbed in their occupa- 
tion and bend all their energies to it.” . . . “Тһе industrial expansion 
of Germany,” he says, “ presents another picture. It has been achieved 
by equally hard work ; but the adventurous audacity and restless search 
for novelty of America have been replaced by steady and watchful 
effort. . . . Ordered regulation is accepted and applied with infinite 
pains by the legislative Government departments and private citizens. 
... So the edifice has been built up four square and buttressed about 
on either side. It is a wonderful achievement, in which every unit has 
played a part, and the spirit which has brought it about is the spirit of 
duty and work." 

“England is like a composite photograph in which two likenesses 
are blurred into one. It shows traces of American enterprise and of 
German order, but the enterprise is faded and the order muddled... . 
We are a nation at play." 

Dr. Shadwell develops this theme at considerable length. It must 
be the task, at any rate, of the English Committee of the International 
Standardisation Commission to remove this general reproach, which 
may be in some cases a merited one, from the industry with which we 
are connected, if we cannot do more. And at the same time we must 
remember that standardisation has its dangers. These are well 
brought out in an article by Dr. Louis Bell in the September number 
of the Engineering Magazine, entitled, “What of America? Do her 
manufacturing methods imperil her trade ?” 

“ Broadly,” as Dr. Bell points out, “competition is a struggle 
of intelligence, of quick perception and adaptability, of far-sighted 
appreciation of the world's wants. But unless the knowledge thus 
gained is diligently applied, it will sooner or later fail in results. Just 
at this point lies," he thinks, * the chief danger to American industry. 
Tüe foreign peril lies not in foreign acuteness, but in the painstaking 
avoidance of our mistakes. Our real danger is not from without but 
from within—the danger that comes from overhaste and lack of 
thoroughness." 

“These things are just as characteristic of American industry as 
is the marvellous alertness that has been its motive power. In the 
mechanical arts, for instance, American methods and workmen produce 
average results of remarkable excellence. But if one wants a bit of 
work done with the utmost thoroughness and precision, ninetecn times 
out of twenty he will find that the workman who has finished it is a 
German, or Swede, or Englishman. . . . The primal intent" of the 
American industrial system “is to produce at the lowest possible cost 
the largest possible quantity of marketable goods. . .. The funda- 
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mental principle of its method is to reduce manufacture to operations 
by automatic machinery, using human labour only where it cannot be 
avoided, and constituting a manufacturing plant as a species of enor- 
mously complicated machine tool, of which the workmen are merely 
belts, wheels, and oilcans. "The only real artisans are in the drawing 
office, the pattern shop, the tool shop, and at the inspection benches. 
. . . Hence, average quality is determined not by adherence to any 
ideals, but by imperfection of the working mechanism. It is mere 
justice to say that under favourable circumstances this average may be 
extremely high." And the conclusion drawn is of great importance :— 

“Standardisation, however desirable from a pecuniary standpoint, 
in the last resort means the cessation of active improvement. Іп 
relatively fixed arts standard products may hold their own for many 
years, as in the case of certain textiles. In the mechanical arts, how- 
ever, there is constant change, by which the world has marched 
onwards, and even a brief halt may mean falling out of the ranks." 

Of recent years standardisation has advanced with us. Let us sce 
what has been done to put it on a sound basis, to profit by the 
advantages pointed out Бу Dr. Shadwell on the one hand, to avoid the 
pitfalls to which Dr. Bell has called attention on the other. 

The Engineering Standards Committee is doing no small work, and 
doing it in a wav that is thorough and complete. As an example of its 
methods I propose to consider in some brief detail a recent report of 
the Screw Threads and Limit Gauges Sub-Committee, trusting that by 
this course we may discover how standardisation may be properly used 
to advance our national welfare. Тіс Committee was originally ap- 
pointed to deal with the interchangeability of screw threads, but at its 
first meeting it appeared that, in order to secure limit gauging for 
screw threads, if such were possible, it was necessary to collect addi- 
tional information regarding the limit gauging of cylindrical surfaces. 

A first step was to have clear understanding as to the meaning of 
terms employed. Words such as tolerance, allowance, clearance, and 
the like are used somewhat vaguely in practice, without very definite 
meanings. Accordingly the following definitions were agreed upon :— 

TOLERANCE: А difference in dimensions prescribed in order to 
tolerate unavoidable imperfections of workmanship. 

ALLOWANCE: A difference in dimensions prescribed in order to 
allow of various qualities of fit. 

CLEARANCE : Adifference in dimensions or in the shape of the surface 
prescribed in order that two surfaces or parts of surfaces may be clear 
of one another. 

Thus in endeavouring to institute a system of limit gauges it was 
desirable to determine for various classes and sizes of work what 
diticrence in dimensions must be permitted in order to tolerate imper- 
fections in workmanship, апа what allowances must be prescribed in 
order to secure various classes of fit—sliding fits, running fits, and 
the like. 

Various existing systems of limit gauges were brought before the 
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Committee, and much valuable information was put at their disposal in 
various interviews and conferences with leading engineers and manu- 
facturers ; but the results, important though they were, were felt to be 
insufficient as a basis for an authoritative system, and it was decided, in 
order to complete the information at the disposal of the Committee, to 
invite the co-operation of the manufacturers and to measure up a large 
quantitv of work ; theresults would showthe tolerances and allowances 
actually found in some typical shops. Eleven firms co-operated in a 
most cordial manner, and the results were drawn up in a report” issued 
by the Committee in March last. 

Measurements on over five hundred pieces are recorded in the 
tables which sum up the work, and many of these have reference to a 
shaft and the hole it is intended to fit. 

In such a case the table for the shaft gives in a series of columns 
the nominal dimensions, the nature of the work, ground or turned, the 
nature of the material, the length of the part measured, the number of 
measurements, the amount of taper, if any, and the amount of еШри- 
city. The same is repeated for the hole. Then come the tolerances 
as permitted to the workman, and the error in workmanship actually 
measured. These are followed by the allowances prescribed by the 
drawings and the difference in diameter between shaft and hole as 
actually measured. 

The results are summed up in a number of diagrams, and, bv the 
permission of the Committee, I am able to reproduce one or two of 
these, which may be of special interest to the Institution. 

Fig. 1 shows the errors in workmanship in the shafts and ho!es for 
high-speed engines and dynamos. 

In the Report itself numbers at the head of the columns give the 
numbers of the specimens ; thus details of tlie various specimens can 
be obtained from the tables. Тһе ordinates give in thousandths of an 
inch the error of the piece from its nominal size. Each mean result is 
marked bv a dot or circle, and a short vertical line through any circle 
indicates the range of error found in the various measurements on that 
piece. Theactual measured size is not given exactly, but the numbers at 
the bottom of the diagram indicate in inches these sizes approximately. 

The dotted lines running ncarly horizontally across the diagram 
give values of the tolerance for the corresponding sizes of the work 
which had been suggested to the Committee by one of its members, and 
which were ultimately practically adopted. 

It will be noticed that with some few exceptions the tolerances 
measured lie within these limits, and, indeed, in the cases in which 
the limits were exceeded the nature of the work often afforded the 
геазоп for the excess. Some of the specimens with a large negative 
allowance were crank shafts of a large size, where a specially easy fit 
was required, while others, in which the allowance is positive, were 
crank pins. 

* “Report on Errors in Workmanship,” Engineering Standards Committee's 
Керегі, Хо. 23. 

Vor. 38. 2 


GLAZEBROOK : INAUGURAL ADDRESS. [ Nov. 8th 


18 


0 


900-0 + 


"Чэш 


i 

ип 
| 
| 

A 


€00-0 — = | | ЕП 


| "Dig 


"sagoug 


5000 + 


$00.0 + 
‘youl 


йық 
LEER 
— 


тыл: >] 
ioe = 


06 ст т AT 6 Q | 9 9 t е Т 
{зүү tt ШЕБЕЕШЕ ШІП || 


ННІ n Е. | 

WITTE ПИ 

Te a H PANG uaa AL TPA IUD NAL НИ 

I Pal WN PUNO L A РАМЕ Ү JA а; LEERI TLIAN T] CA ERIT 
ATI M NU Mec ШИИ. АИ АТИ 


ЕНЕН НЕ cece a a 


ШТ paseo ae 


| 


уне. 


НН ШЕ ПИ 
ИЛЛ ИШ Aj 


АТЕШ А: u 


СГ 1 1 194) 


иш 
ГТ ТІГІ ШІ ШШШ 
100-0 +. i ПАНА 


АННАН 


А UNJ | кү ПУЛ 
НЫ TT 
ER 


VT. iX ЖИА 


шй 
МЕТІ ип пиш 


'dIHSNVW»XHOM NI 5ЧОННЗ 


ТШЩ ЧУЕН 
| H mun ПРГ pis 


SLIVHS 


ШШШ ШЕ 


Digitized by Google 


1906. | GLAZEBROOK: INAUGURAL ADDRESS. 19 


In this case a large percentage of the cases measured came within 
the suggested tolerances, while the average error found for the shafts 
Was o'o011 inch and for the holes о`оото inch. The next slide (Fig. 2) 
shows the similar results for small tools, and in this class a very high 
degree of accuracy is reached. In two specimens there is a large acci- 
dental error. Even including these a very large number fall within 
the limits suggested ; the average error is only 0'0005 inch. Of course 
in other classes of work, such as locomotives, gas engines, and large 
tools, the errors exceeded the above, but it is clear, I think, that the 
work was of a very high order of accuracy, while at the same time it 
was average representative work, for it was selected by Mr. Attwell, 
to whom the measurements are due, from such work as happened 
to be passing through the shops at the time of his visit in each case. 

With this mass of information before them the Committee were in 
a position to standardise limits of workmanship, with the full confidence 
that the limits suggested would be practicable, being, in fact, those 
which are actually being worked to in our leading shops. 

Their conclusions are given іп a further Report on “ British Standard 
Systems for Limit Gauges (Running Fits)"* being summed up in a 
number of tables and in a diagram, which is here reproduced 
(Fig. 3). 

In dealing with the question of the allowance to be prescribed for a 
running fit between a shaft and a hole, it was necessary to determine 
whether the allowance should be made on the shaft or on the hole. 
After much discussion, the Committee recommended that the shaft 
should be the element more nearly approaching the true dimensions, 
and allowance be made on the hole according to the class of fit 
required. The tolerances on the shaft are negative, in order that it 
шау never exceed its true dimensions. А minimum allowance is 
specihed between the two elements, and this cannot be encroached 
upon by either element. Above this allowance a positive tolerance is 
laid down for the hole. 

The Committee recognised a first, second, and third quality of work, 
While for the smaller sizes they standardised also an extra fine quality 
with very small tolerances and allowances. Moreover, they recom- 
mended, with a view to reducing the number of gauges required, that 
the maximum diameter of the hole for first quality work should be the 
minimum diameter for second quality, and so on. 

Thus, for the shaft, the maximum diameter is always the same as the 
nominal diameter ; the minimum diameter is given for the thrce classes 
by the three curves below the zero line, while corresponding curves 
above the zero line give the dimensions for the corresponding holes. 

It is, of course, too soon to say how far this system is likely to 
establish itself. It is gratifying to learn from the Secretary of the 
Committee that there is already a large demand for the Report, and it 
should also be remembered that as, by the constitution of the Com- 
mittee, the reports come up for consideration from year to year, the 

* Engineering Standards Committee, Report No. 27. 
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Standards Committee. There are a number of such; it is, perhaps, 
sufficient to mention the names of some of the Chairmen to show how 
closely they are linked to our Institution. Among these we find our 
Past-Presidents—Sir Wm. Preece, Colonel Crompton, Mr. Gray, Мг. 
Siemens, апа Mr. Саусу. Тһе range of subjects covered by these Com- 
mittees is enormous, and this is the reason why the work lasts so long. 
| Some reports, however, are published, апа the method of work in 
all cases has been the same : discussions at Committee meetings, com- 
munication by writing with manufacturers and others interested, 
conferences in London with the trade, experimental work where that 
seemed necessary to elucidate the question, and finally a draft report, 
usually circulated before its final issue to the representatives of the 
manufacturers and others interested. Some of the experimental work 
initiated in order to reply to questions raised by the work of the 
Committee has already been before you in Mr. Rayner's paper on 
* Insulation Materials" ; arrangements are being made for continuing 
and extending part of that work to higher voltages and to other 
materials, for investigating, in particular, the ageing effect of long- 
continued electric stress, and for examining the consequences of 
diclectric hysteresis. 

Another report which I hope will be ready immediately is one on 
“Carbon Incandescent Lamps," and I trust it may be possible to bring 
before your notice during the present session a very large amount of 
work which has been carried out for the purposes of the report. 

Still there remains much to be done. Many of the questions touched 
on by the Sectional Committee on Electrical Plant or by the Sub- 
Committee оп Motors, Generators, and Transformers are somewhat 
difficult, and it is only by the mutual forbearance of conflicting interests 
and by the cordial endeavours of all to find a reasonable solution that 
advance сап be made. Yet for all this we have advanced. Standard- 
isation has been placed on a sound basis, and the work has shown 
that its importance is thoroughly appreciated by leading English 
manufacturers. 

As to the actual use which is being made of the specifications, it is 
not easy to get very exact information. Тһе Secretary of the Com- 
mittee, however, tells me that, in regard to ship and boiler specifications, 
he is informed that the threc Registry Societies controlling the shipping 
world, viz., Lloyd's Registry, the British Corporation, and the Bureau 
Veritas, have adopted them, while he believes that the Government 
Departments are also using them. 

In regard to rails, the members of the Railway Engineers' Associa- 
tion are adopting the standards laid down by the Committee as and 
when opportunity to do so occurs. The tramway rails have also been 
very largely adopted. The chairman of the Tramway Rails Sub-Com- 
mittee writes ; “With but few exceptions every new tramway system in 
this country, as well as a number of Colonial systems under construc- 
tion during the past year, have been, or are being, provided with 
these standard rails. Among these systems are Aston Manor, Belfast, 
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Barking, Burton and Ashby, Chesterfield, Colchester, Dartford, Derby, 
Erith, Ilford, Keighley, King’s Norton, Lincoln, Lowestoft, Middlesex 
County Council, Northampton, Rochester, South Shields, Swindon, 
Walthamstow, and Wellington (New Zealand), while upon other 
svstems already partly constructed the rails first adopted have given 
place to British Standard Sections in London, Birmingham, Leeds, 
Chatham, Croydon, and Newport. 

Rolling mills for constructional steel work are largely adopting the 
specifications of the Committee. Sir John Wolfe Barry, Chairman of 
the Committee, in his interesting paper read before the British Asso- 
ciation at York, stated that orders have already been received for 
nearly 100,000 tons of these standard rails, while it is estimated that 
the saving to British manufacturers by the standardisation of iron and 
steel sections alone will amount to some millions sterling ; and in illus- 
tration he quoted the striking testimony of a large stecl maker in 
Scotland, who stated that since the introduction of standard sizes his 
firm has been able to break up some hundreds of tons of rolls, and 
also that by no means the least advantage gained is that in his works 
the process of manufacture is no longer interrupted, as it used to be, by 
the frequent changing of the rolls to produce in smaller quantities the 
many special sizes asked for without any corresponding advantage 
to the consumer. 

Enough perhaps has been said to show that standardisation, based 
on rational principles, is now open to the British engineering industry, 
and in concluding this part of my subject I should like again to 
emphasise the fact that, while there is no compulsion to adopt these 
British. Standard specifications, they have in all cases been worked out 
by competent men on a practical basis, and that the general advantages 
to the community which will follow from their adoption will almost 
always outweigh the private benefit which in some special case might 
accrue from some trivial but tiresome variation. Standardisation is a 
large subject. You, gentlemen, know its magnitude and its importance 
far better than I; but I feel strongly that a due appreciation of the 
advantages which standardisation can offer, and a readiness to apply 
a standard system in the large number of cases in which it is applicable, 
may do much for English industry in its endeavours to retain that 
Premier position which has belonged to it hitherto. 


Sir WILLIAM PREECE, K.C.B. (Past-President): Gentlemen, it is 
my pleasure to propose, “ That the best thanks of the Institution be 
accorded to Dr. R. T. Glazebrook for his interesting and instructive 
Presidential Address, and that, with his permission, the address be printed 
in the Fournal of the Proceedings of the Institution." 1 have had free 
access to this room for forty-seven years. In 1859 I joined the Institu- 
tion of Civil Engineers as an Associate Member, and I think, during 
those forty-seven years, I have heard, perhaps, forty-five Presidential 
Addresses. I was also one of the original members who constituted 
the Institution of Telegraphic Engineers in the year 1871, thirty-five 
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years ago, and at both of those two institutions I have myself given 
more than one Address. I am bound to confess that I never listened 
to my own Addresses without vexation ; but of all the Addresses I have 
heard connected with these two Institutions in this room I am bound 
{© say I have not heard one that has given me greater pleasure than 
the Address that has been given to us by Dr. Glazebrook to-night. I 
do not know how long it is since Dr. Glazebrook took up his position 
as Secretary of the Committee of Standards attached to the British 
Association ; I think he was Secretary when I was appointed to it in 
the year 1878. From that period Dr. Glazebrook and I have worked 
hand and glove in carrving out the work of the Committee. Г am 
delighted to think that, after a life spent in endeavouring to introduce 
exact measurement, the motto of his Address, I have been ailowed to 
remain long enough to hear such an Address read. I never did feel 
more inclined to be humorous, if I could, than to-night, except for this, 
that I should be sorry to deprive this Address of the effect of its deep 
inwardness on those who take it up and read it with that earnestness 
that you all possess. At one time I felt some qualms of conscience at 
assisting the members of the purely scientific worldto come amongst us 
engincers, but I am bound to say that things have changed very much 
within my experience, and now we welcome with all our hearts the 
assistance of those scientific шеп who can bring their physics to bear 
upon the practical processes and tools of our profession. Gentlemen, 
I have very great pleasure in moving the vote of thanks to Dr. 
Glazebrook. 

Lieut.-Colonel К. E. B. Свомртох, С.В. (Past President) : I rise to 
second Sir William Precce's proposition, which I heartily agree with. 
I have listened on three consecutive days to three consecutive Presi- 
dential Addresses, but as immediately on my left I see the President 
of the Institution of Civil Engineers, who delivered one of those 
Addresses, I will only state that it is extraordinary to find that our new 
President should have in the short space of two days been able to take 
advantage of the important suggestions and advice made by Sir 
Alexander Kennedy, by giving us the instructive and practical address 
that we have listened to this evening. I therefore beg to second this 
proposition in the most heartfclt manner. 

The resolution was put to the mecting and carried by acclamation. 

The PRESIDENT (Dr. Glazebrook): Sir William Preece, Colonel 
Crompton, and gentlemen, allow me to thank vou very cordially for 
the way in which you have listened to my Address, and for the manner 
in which you have received the proposal of thanks which Sir William 
Preece has put before you. I would again say it has been a great 
pleasure to me to prepare the Address and give it here, and I trust 
I may be able, during my year of office, to promote still further the 
great advantages that I am clear will arise from a well thought out 
and proper scheme of standardisation. 

The meeting adjourned at 9.25 p.m. 
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Proceedings of the Four Hundred and Forty-Fifth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
November 22, 1906—Dr. К. Т. GLAZEBROOK, 
F.R.S., President, in the chair. 


The minutes of the Ordinary General Meeting held on November 8, 
1926, were taken as read and confirmed. 


The list of candidates for election into the Institution was taken 
as read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members :— 


Edgar Walford Marchant. 


From the class of Associates to that of Associate Members :— 


Sidney H. Barber. Harry Henderson. 

Edgar Loam. Frederick J. Lowe. 

From the class of Students to that of Associate Members :— 
Samuel Utting. | Francis E. Wilkinson. 

Messrs. L. T. Healy and F. Pooley were appointed scrutineers of 


the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


26 DONATIONS TO LIBRARY. [Nov. 22nd, 


ELECTIONS. 


As Associale Members. 


John Ed ward Allen. Edwin Fulford. 
Henry Sidney Barker. Edgar Darnell Illingworth. 
Randall Birch Canning. David Cunningham Mcllleron. 
Nigel Henry Cohen. James Mackersie. 
Robert Dudley Coulthard. Arthur Harold Pashby. 
Bertie Croft. Archibald James Grant Simp- 
Ernest Daniels. son. 
Ernest William Dean. Thomas Reginald Herbert 
Harry Dixon. Tetley. 

Gottlieb Wüthrich. 

As Sludenls. 

Sidney Aitken. Clarence Hollander. 
Lewis Barber. Arno Clarence Huskinson. 
Horace Carl Beken. Alexander Kinnes, B.Sc. 
Lioncl M. Boddam-Whetham. Frederic Auber Menzies. 
Leonard Bertram Boilard. Thomas David Morgan. 
Alfonso Castello-Sosa. George Frederick O'Dell. 
John Edward Catt. Alec. Stewart Paterson. 
Thomas Harold Edwards. John J. Richardson. 


Ernest Francis Turton. 


Donations to the Library were announced as having been received 
since the annual general meeting on May 24th from Messrs. 
Alabaster, Gatehouse & Co., Ltd., B. J. Arnold, E. Anthony, Prof. 
W. Е. Ayrton, C. Barnes, В. Bauch, W. W. Beaumont, А. К. Bennett, 
E. Bennis & Co., Ltd., Biggs & Sons, M. Bonghi, The Brush Electrical 
Engineering Co., Ltd., The Cambridge Scientific Instrument Co., Ltd., 
The Central South African Railways, W. C. Clinton, S. Cowper-Coles, 
E. H. Crapper, Prof. Е. B. Crocker and 5. S. Wheeler, W. Crudeli, P. 
Dawson, E. C. de Segundo, Dick, Kerr & Со., Ltd., D. Dorda, ]. E. 
Dowson and A. T. Larter, M. T. Edelmann, The * Electrical Times," 
The Electrician Publishing Co., The Elektrotechnische Verein, The 
Engineering Standards Committee, Executors of the late Maj.-Gen. 
Е. C. Cotton, G. Finzi, Prof. J. A. Fleming, A. L. Foley, V. A. Fynn, 
The Griffiths-Bedell Surface Contact Co., Ltd., Gauthier Villars, W. 
Geipel, Gent & Co., C. C. Garrard, R. Hammond, A. Hartleben, A. 
Hay, Hirschfield Bros., Ltd., H.M. Patent Office Library, W. R. P. 
Hobbs, The Institute of Chemistry, The Indian Telegraph Depart- 
ment, W. Jaeger and H. von Steinwehr, W. H. N. James and D. L. 
Sands, Prof. G. Kapp, M. Kohl, Lawrence Scott & Co., Ltd., The Liver- 
pool Corporation Tramways, L. Lombardi, Macmillan & Co., Ltd., G. 
Marconi, A. W. Marshall, T. C. Martin, Maschinenfabrik Oerlikon, 
Е. J. Moffett, The National Physical Laboratory, С. Е. $. Phillips, 
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Physikalisch-Technische Reichsanstalt, G. Quincke, F. C. Raphael, 
Rentell & Co., Ltd., E. B. Rosa, The Royal Observatory, Greenwich, 
The Royal Society, J. C. Sager, Sir David Salomons, Bart., E. Scott & 
Mountain, Ltd., J. N. Shoolbred, Siemens Bros. & Co., Ltd., Prof. A. 
Slaby, К. Sosnowski, E. & Е. М. Spon, Ltd., А. Still, J. Swinburne, Е. 
Tandy, J. Thin, Prof. S. P. Thompson, Prof. E. Thomson, Sir Charles 
Todd, A. P. Trotter, W. C. Unwin, The Verband Deutscher Elcktro- 
techniker, The Wagner Electric Manufacturing Co., L. Н. Walter, E. 
Warburg and С. Leitháuser, Whittaker & Co., Е. W. Wilcox; to the 
Buildiug Fund from Prof. Epstein, W. von Siemens, А. H. Unwin, 
F. H. Webb, H. Wragg ; and to the Benevolent Fund from S. E. 
Britton, A. F. R. Curteis, H. M. Middleton, T. H. Minshall, S. Paterson, 
E. H. Rayner, H. S. Russell, C. H. Shanan, C. P. Sparks, F. H. Webb, 
to all of whom the thanks of the meeting were unanimously accorded. 


The following paper was read and discussed, and the meeting 
adjourned at 9.45 p.m. 
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TESTING OF ELECTRIC MACHINERY AND OF 
MATERIALS FOR ITS CONSTRUCTION. 


By Professor J. EPsTEIN (Frankfort), Foreign Member. 
(Paper read November 22, 1900.) 


It will readily be conceded that the selection and testing of all 
materials necessary for the construction of electric plant and machinery 
as well as the testing of the complete machine or apparatus before 
putting into regular service is of the utmost importance, both to the 
user and manufacturer. 

As a rule the purchaser of the machinery is only able to carry 
out tests with the finished article, while the manufacturer, on the 
other hand, is not only in a position to test it step by step during its 
construction, but also to exercise control over the quality of materials 
used, either accepting or rejecting them according to their suitability 
or otherwise for the purpose in view. The latter is therefore well 
able to guarantee that the machine when complete will fulfil the 
specified requirements. 

In the first place the selection of material requires the exercise of 
the greatest judgment on the part of the manufacturer. It is not 
always the most expensive qualities which will best answer his purpose, 
as it may happen that these are unsuitable for the special work in view, 
especially when one reflects that the supplier of the material for the 
construction of electric machinery is usually ignorant of the working 
conditions aud of the particular stresses to which it will afterwards be 
subjected, these being generally known to the user only. 

The material which plays the most important part іп the con- 
struction of electrical machinerv is copper, which must be used in its 
purest state in order to obtain a good conductivity. Provided there- 
fore that copper possesses the requisite conductivity, its suitability for 
electrical purposes is assured. 

In measuring the resistance of copper the temperature of the 
sample to be tested must first be allowed to assimilate itself to that 
of the laboratory, and no readings should be taken until the sample 
has acquired the temperature of its surroundings. 

The cross section of round wire is generally obtained by means of 
а micrometer. In cases where the diameter is very small, weighing 
may be resorted to. With wire of a section other than circular, 
allowance must be made for the rounded edges. From a large number 
of readings taken in the author’s laboratory it was found that for the 
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usual sizes of copper strip the cross section may be taken as equal to 
(h —0°35) x b, where / and b represent the greater and smaller axes of 
the strip in millimetres. 

It has been proposed to specify only the resistance per metre, and, 
if the specific resistance proved to be above normal, to allow the con- 
tractor to compensate for this by increasing the cross section of the 
material under consideration. Such an arrangement might auswer 
in the case of cables, where the price is fixed by the length, but it 
cannot be adopted in the case of machinery for the reason that 
plan copper is usually bought by weight, consequently the worse 
the quality of the copper the more costly it would be for a given 
length. Moreover, the greatest accuracy of gauge is required іп 
building a slot- wound armature and in the construction of field coils. 
Depth and width of the slot are calculated to a tenth of a millimctre, 
and any irregularities in the dimensions of the copper strips and 
insulation would make it impossible to fit them in the slots asintended. 
The speed of shunt- wound motors also depends upon the diameter of 
the wire on the magnet poles. It is, therefore, absolutely essential 
that there should be no appreciable variation in the dimensions of 
the wire. 

Fig. 1 represents the results which have becn compiled from tests 
carried out in the Felten & Guilleaume laboratory, and it shows the 
percentage of deviation of the diameter of the wire from that specified 
by the makers. It will be observed that the sample indicated by O is 
in general more reliable in this respect than the sample indicated by б. 

The conductivity of copper being dependent on its purity, and the 
manufacture of pure copper having long been practicable, it follows 
that no great improvement in high conductivity drawn copper is 
to be anticipated іп the future. Therefore, although copper wire 
and bars are the most important materials in dvnamo construction, the 
determination of their qualities presents little difficulty in the laboratory, 
as but few tests are required for this purpose. 

The specific conductivity of cast copper may, on the other hand, 
vary from about 40 per cent. to 85 per cent. in the Matthiessen scale. 
When a voung laboratory assistant finds the conductivity of a piece 
of cast copper to be 86 per cent. he would be likely to consider it 
excellent, but if the experienced workman detects potosity he will 
rightly pronounce it bad; in such a case, as in many others, one is 
aptto be misled by a purely physical test made in the laboratory. 

Resistance materials, like German silver, manganin, etc., show even 
greater variations than copper, the specific resistances varying from 
03 to o'8 unit. Whether a higher or lower specific resistance is more 
suitable for the work is a matter of calculation. When the resistance 
has been decided upon, special tests and experiments are needed to 

discover what allov will give the best results as regards stiffness, 
clasticity, ageing, etc. The proper function of the laboratory is to 
ascertain if the dimensions and specific resistance are in accordance 
with the specification. 
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The variation in the specific resistance above or below normal can 
be compensated for by increasing proportionally the weight of the 
material, that is, with a less than normal specific resistance the length 
must be increased, while with a higher than normal specific resistance 
the cross section must be increased. Іп reality the risk is less with a 
specific resistance above the normal, since, in the majority of cases, 
rheostats are provided which must be capable of regulation down to 
zero, hence the higher specific resistance will not affect the regulation. 


% Deviation 


2-5 


Fic. 1.—Percentage Deviation of Wire from Specified Diameter. 
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It is only very rarely necessary to take into consideration the possibility 
of an overload beyond the limit of thermal capacity. 

In contrast with copper, where the purest is the best, the quality of 
iron is by no means always depreciated by the introduction of foreign 
elements. On the contrary there is great scope for improvement by intro- 
ducing other substances, such as carbon, silicon, aluminium, etc. There 
is another point which makes the question of iron more complex than 
that of copper ; with copper we are interested only in its conductivity, 
whercas in the case of iron there are three magnetic and electric 
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qualities of importance, namely, magnetic permeability, magnctic 
hvsteresis, апа electrical conductivity. 

As long as the magnctic flux is constant, permeability alone is of 
importance. Although there are some kinds of cast iron or cast steel 
which are practically non-magnetic, one can as a rule obtain from every 
good foundry cast iron suitable for electric machines. The higher 
the permeability and the higher the point of saturation, the better of 
course the топ. In designing a machine for a given flux, both iron 
and copper will be saved and efficiency will be gained by using an iron 
of good permeability and having a high degree of saturation, If, how- 
ever, after construction the iron proves superior in these respects than 
was expected, it will be too late to take advantage of this, as the structural 
details of the machine will have been settled. The speed of motors will 
be less than the required speed, which will have to be compensated 
for by introducing an additional resistance, while with dynamos it 
will be necessary to vary the field resistance. Therefore, to use iron 
of better magnetic quality than one ordinarily expects only leads to 
trouble and expense. 

To a certain extent the quality of the delivered material will 
necessarily vary, and accordingly we must calculate the атреге- 
turns for the worst quality expected, and make allowance by 
constructing the variable field resistance for the best quality. What 
is therefore required and appreciated is an iron of high constant 
quality. 

Fig. 2 shows the magnetisation curve for a good and for a bad 
quality of cast iron, and the same for special cast steel, as observed in 
the author's laboratory among the samples received for regular test. 
The difference between the curves seems very small with the cast steel ; 
the magnetisation, for instance, for 50 ampere-turns per centimetre 
varies by only a few per cent. Butthe chief point of interest is the 
number of ampcre-turns required for a given B, which, for instance, 
for B = 17,000 lines per square centimetre, differs by 40 per cent. for 
the two samples of steel. 

It is important in comparing the materials and factors of safety to 
refer to the right factor. In investigating the permeability of ordinary 
cast iron, the author would recommend, as a characteristic figure, to 
take the number of ampere-turns per centimetre required for B = 9,000, 
and, as regards special steel, those required for B = 17,000. For 
measuring the permeability of cast iron and stcel the ballistic method 
appears the most convenient. Тһе best results would be obtained by 
using large rings, having a radius approximately equal to five times 
the thickness of the actual ring coil, but for practical reasons the 
voke arrangement is to bc preferred. Аз remanence is not of much 
importance, the magnetisation curve obtained by reversing the mag- 
netising current should be noted. This curve has the advantage over 
the hysteresis curve obtained step by step, that each point is in itself 
absolutely correct and does not suffcr from cumulative errors. 

The question of remanent magnctism in field frames is generally of 
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FIG. 2.— Magnetisation Curves for Cast Iron and Cast Steel of Different 
Qualities. 


% Юю 20 зо 40 5o 60 10 80 90 100 
Ampere burns per cm. 


Fic. 3.—Magnetisation Curves of Iron Sheets. The upper curve repre- 
sents an ordinary stamped sheet, the lower one is that of a modern sheet of 
special alloy. 
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secondary importance, as consideration of this only becomes neces- 
sary when dealing with some self-regulating machines, such as 
boosters, etc. 

Besides the physical laboratory tests, the mechanical inspection of 
cast steel 1$ very important. For instance, holes in the steel may 
increase the magnetic resistance of the poles or yoke and cause 
dissymmetry in the magnetic circuits, which in the case of a continuous- 
current dynamo will produce sparking or heating in the armature. 

Although every magnetic and electric property of the iron sheets 
used in the construction of armature or transformer cores plays its 
part, vet the permeability and the saturation are not of such importance, 
as it is necessary to work with a low saturation of the sheets in order 
to avoid losses and heating. Extra high saturation will be found in the 
teeth of continuous-current dynamos. Ав some special stampings give 
less hysteresis and eddy current losses, they may be worked at a higher 
degree of saturation. Unfortunately they possess a poorer permeability 
than the old class of stampings. In Fig. 3 the upper curve is the mag- 
netisation curve found for an ordinary stamped sheet, while the lower 
curve 15 that for a modern sheet of special alloy. 

The hysteresis can be measured by taking the magnetisation 
curve through a complete cycle, and by measuring the specific 
resistance of the material directly by а Wheatstone bridge; but the 
modern and better practice is to measure the total losses due to 
hysteresis апа eddy currents together, the sample being tested under 
working conditions. 

By varying the frequency the well-known straight line curves are 
ohtained which discriminate between the losses due to hysteresis and 
eddy currents at constant induction. The losses themselves аге 
measured with a wattmeter, special care being taken that the instru- 
ment is correct for low power factors. As the amount of energy 
to be measured is very small, precaution must be taken against the 
«currence of losses in the instruments. 

The apparatus used by the author for such researches was con- 
structed eight years ago. It was the first standard apparatus for 
testing iron sheets approved of by the Verband Deutscher Electro- 
techniker at their meeting at Dresden, where they had the pleasure of 
meeting their English friends. То get a good commercial average 
value the apparatus is constructed to take a то kg. sample, which 
according to the rules of the German Committee must be made up 
Irom at least four different sheets. Small samples taken from different 
sheets, or from different parts of the same sheet, differ sometimes by 
as much as 20 per cent. The form of the apparatus is shown in Fig. 4. 
Itere are four coils for magnetising the four cores of sheets under 
teat, each insulated by thin paper in the same manner as in transformer 
cores, and at each corner, where the cores meet, a layer of paper, 
02 millimetre thick, is interposed. This thickness does not affect 
the exactness of the results, as even when a layer up to one millimetre 
Was tried, there was no appreciable difference in the readings. 

VoL. 88. 
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Naturally, in order to obtain the best readings the magnetising current 
should be adjusted to as low a value as possible. 
Some years ago ironworks were not accustomed .to test iron sheets 


Fic. 4.— Apparatus for Investigation of Magnetic Properties of Tron. 


Total No. of Coils A з ise Қ ... боо 

No. of Coils per Core ... UM ss жез e. 150 

Length of Iron Sheets... ve ei X ... 500 mm. 
Width | we | chat а тк si m 30 osi 
Weight of Iron Sampie to be investigated ies ... ло Ке. 

Cross Section of Wire, 2 Wires parallel... d e. 2x385mm. 
Resistance of the Apparatus — ... ea T ... 0184 ohm. 


for dynamo work. | Whenithev tried to do so, they found that their 
results rarcly agrecd with those of the dvnamo manufacturer, on 
account of the variety of methods and of their complication and inac- 
curacy. It was therefore important that the manufacturer and con. 
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зитег should mutually agree upon a method of testing which should 
be as simple as possible. ‘То settle this the Verband Deutscher 
Elcktrotechniker appointed a committee which decided to adopt the 
wattmeter method. When samples of iron were sent to laboratories of 
different firms, it was found that the losses measured for one induction 
and one frequency agreed fairly well, but there was great trouble as 
soon as an attempt was made to draw the straight line curves for 
separating hysteresis and eddy currents. Therefore, although we knew 
that in order to obtain the exact characteristic of iron it was necessary 
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Fic. 5.—Showing Ratio between German “ Figure of Loss " and Steinmetz 
Coefficient, for Iron Sheets of two Different Compositions. 


to test it at least in two particulars, namely for hysteresis and eddy 
currents, we abandoned the attempt and decided instead to take as a 
characteristic the loss measured with B = 10,000 lines per square centi- 
metre and 50 (NJ. In the German rules this value is called the “figure 
of loss" (Verlustzifter). Тһе adoption of this standard has proved very 
usctul during the last few years. Since the eddy currents decrease 
with rising temperature the figure of loss was determined for a 
standard temperature of 30°C. The commercial o'5 millimetre sheets 
made the last few years changed by about o'2 per cent. for cach 
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degree C., while the modern sheets show practically no variation. In 
comparing different kinds of iron the electrical engincer naturallv 
examines them under varying inductions and frequencies, and the 
manufacturer will now also do the same, as he gradually gets accus- 
tomed to making magnetic tests. In the Felten-Guilleaume- Lahmeyer 
laboratory every wagon load of iron sheets is tested and is rejected 
if the “figure of loss" is too high. Only with irons of analogous 
composition, the conductivities of which are almost equal, is there any 
direct proportion between the above figure of loss and the ''Stein- 
metz” coefficient. Fig. 5 shows this ratio as found for sheet iron of 
two different alloys. 

For practical work it is best to make use of a diagram which shows 
the losses per kilogramme at different (NJ. To present a comparison 
of the old with the new kind of iron sheets, the diagram, Fig. 6, has 
been drawn. Тһе curves are plotted for 50 ^o , and the lower one 
is that for a modern sheet of special alloy, while the upper curve 
represents a sheet which was until lately considered as being of first- 
rate quality. 

Ageing is defined by the German rules for iron as the percentage 
variation of the figure of loss caused by keeping the sample at a 
temperature of 100° over боо hours. Fig. 7 shows the effect of ageing 
with а good and with an inferior shect of iron, marked А апа В 
respectively. The upper curves refer to the hysteresis, the lower to 
the eddy currents. From these it is seen that ageing is only due to the 
rise in value of the hysteresis. Though at the beginning the figure of 
loss of sample А is practically the same as for sample B, after a long 
run it exceeds the figure of loss for B. 

There is no difficulty in obtaining ordinary stampings, whose ageing 
will be within a maximum of 15 per cent. 

Notwithstanding the importance of the ageing test, the dynamo 
maker is unable on account of time to wait for the result; all that 
can be done is to keep records of his observations and to utilise the 
results of his tests when he wishes to obtain another supply. If the 
iron ages greatly it would no doubt be possible to exact a penalty from 
the makers, but it is far better to order from manufacturers who have 
previouslv supplied good and reliable material, and are therefore more 
likely to be depended on. 

The testing of the resistance of insulating materials used in the 
construction of dynamos is not so important as might appear. Тһе old- 
fashioned axiom that high resistance insulation was a guarantee for 
good quality, which formerly proved right for special cases, does not 
now hold good. Insulation difficulties are scarcely ever due to low 
insulation resistance, but more often to surface leakage, which may 
be avoided by using only dry materials and by suitable design. 

It is necessary, however, to test all insulating materials for dis- 
ruptive strength, and this constitutes, for high-tension work especially, 
the most important electrical test. Nevertheless, the more experienced 
one becomes in the practical testing and theory of disruptive strength, 
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Fic. 6.—Curve of Losses for an Ordinary (Normal) Iron Sheet and for an 
Iron Sheet of Special Composition. 
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Fic. 7.—Ageing of Dynamo Sheets. 


FABRA RIN, 
OF THLE E 
UNIVERSITY J 


дее, 


38 EPSTEIN: TESTING OF ELECTRIC MACHINERY [№ оч. 22nd, 


the more difficult it appears to obtain accurate figures which are 
comparable with those of other investigators. 

Most of the high-tension insulating materials, like micanite products, 
varnish cloth, impregnated paper, etc., are not at all homogeneous. 
By means of the piercing test the strength at the weakest point 1s 
ascertained. The larger the test piece, the greater will be the number 
of weak points covered, and the greater is the probability of obtaining 
specially low values. To prove this the author tested two samples, A 
and B, of the same material. A was tested with an electrode of 
50 X 3— 150 cm.” and the average piercing pre$sure was 7,600 volts. 
Of B, different samples were tested with an electrode of 50 x 62 = 3,100 
cm.?, and thc piercing point was found at 4,000 volts. 

The cffect of increasing the area of the test-piece is not only to 
increase the probability of detecting weak spots, but the increase 
in the capacity of the electrode also has the effect of lowering the 
piercing pressure. We proved this to our satisfaction by testing to 
piercing point a sheet of varnish cloth with an electrode of 4 cm.? in 
sixteen places. 'The mean value of the piercing voltage was 9,900. 
The same sheet was then further tested, using the same electrode, but 
with a condenser placed in parallel with the electrodes. This consisted 
of two plates each about 64 cm.7 in area, separated by two layers of 
varnish cloth. Тһе mean value of twenty readings gave the piercing 
pressure as 7,250 volts. On placing a second condenser in circuit the 
piercing pressure sank still further to 7,100 volts. 

In the light of these experiments a standard electrode was adopted 
by the author's firm for testing dielectric strength, which for practical 
reasons was taken at 25 х 25 =025 cm. То minimise the local 
stresses, the edges are rounded ой. 

The importance of testing most carefully mica tubes for high-ten- 
sion machinery cannot be too much emphasised. In the Felten- 
Guilleaume-Lahineyer laboratory every mica tube is tested up to at 
least double the working pressure, the tube being covered with tinfoil 
and filled with metal rods. As the factors of safety taken are so high 
that failures even under more severe tests very seldom occur, the 
electric phenomena are controlled by noting the heating effect of 
dielectric hysteresis. 

Fig. 8 shows the difference betwcen two 2-millimetre mica tubes 
tested under 15,000 volts. Тһе conditions of testing must be identical. 
For example, when the mica tube is filled with iron rods it becomes 
warmer than when copper rods are used, for the reason that the heat 
conductivity of iron is less than that of copper. In the same way the 
length of the exposed portion of the tube has a distinct influence on the 
result. 

Our standard practice is to fill up the tubes with iron rods and to 
cover them in such a way that the exposed portion of the tubes equals 
20 per cent. of the length under test. About 30 tubes are then laid one 
against the other. Mica tubes, however, which may be able to resist 
this particular test will still be unsuitable for the work if they show 
inferior mechanical strength or deformation at higher temperatures. 
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Much has been said about the danger arising from the generation 
of nitric acid in mica tubes. This phenomenon has also been observed 
in our laboratory while testing mica tubes filled with cotton-insulated 
wires under extra high pressure. At first, experiments were made with 
cotton-covered materials impregnated with different kinds of shellac 
or paraffin, and the effect in question was soon noticed, even when 
using the purest materials. Both the thickness of the tubes and the 
testing pressure were then varied, and tubes of different manufacture 
were also used. "Tests carried out during the last three years have 
shown that for our practice at pressures up to 10,000 volts, the limits 
of thickness and of quality to be kept in order to avoid generation of 
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Fic. 8.—Comparative Temperature Rise of two 2-mm. Mica Tubes when 
tested at 15,000 Volts. 


nitric acid lie within the limits which had been adopted by us from 
other electrical and mechanical reasons. Although there are methods 
by which this phenomenon may be overcome, the author has not 
found it necessary within his own practice to use them, but he quite 
agrees that when stresses are higher, owing either to higher potentials 
against earth or to the nature or dimensions of the materials used, 
special precautions should be adopted. 

In testing carbon brushts the most important details to be con- 
sidered are durability, absence of any vapours developed through 
heating, smoothness of running, low friction and low wear and tear 
and also the homogeneity of the carbon. 


40 EPSTEIN: TESTING OF ELECTRIC MACHINERY (Nov. 22nd, 


As to clectrical features, a high surface resistance may be an ad- 
vantage in a high-voltage machine, but the reverse in a low-voltage. 
Fig. 9 illustrates the voltage required for pairs of carbons at different 
density of current, and the watts lost by the friction per square centi- 
metre at a speed of one metre per second. Тһе figures were taken 
with a specific pressure of 100 grammes per cm.? Further experiments 
showed that on a well polished commutator the A quality carried about 
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Fic. 9.— 105565 found for two Different Kinds of Carbon. 


бо amperes per cm.’ without glowing, and the В quality carried about 
10 ampcres, but to be on the safe side we do not work at a higher 
current density than 9 amperes per cm? with the A quality, and 45 
with B. For instance, to collect 180 amperes with A quality, 2 X 20 
= 40 cm.? would be required for both poles, and the losses would be 
150 watts by drop of voltage and, at a speed of то metres per second, 
240 watts by friction. With the B quality the brushes would require to 
have 2 X 40 = o cm. brushes, and with these the losses would be 380 
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watts by drop and 640 by friction. From these data it appears at once 
that the A quality is superior to B, and though the cost per cm.? is 
much higher, А would be more economical both in initial cost and 
in running efficiency. For high-tension work, however, it was found 
necessary to use carbons of the B quality, as low resistance carbons 
gave bad commutation, the brushes being apt to heat, due to parasitic 
currents, and to glow at apparently normal current density. As this 
phenomenon is not due to machine voltage itself, but to the voltage of 
reactance, the difficulty will diminish with the voltage of commutation. 
To allow tlie use of low-resistance brushes for machines with high com- 
mutation voltage a sort of laminated brush has been proposed with ex- 
ceedingly low resistance in the direction of the main current and high 
resistance in the cross section. Excellent carbons of this sort have 
been placed on the market by a British firm. 

To obtain comparative values, experiments on carbons should be 
carried out with commutators or collector rings of faultless polish and 
accuracy, but as we do not desire to make show tests, our practice is to 
lest the carbon brushes on machines under the most unfavourable 
conditions. 

Some years ago the author's firm found a carbon brush which 
gave excellent results in the laboratory and for several months on the 
machines in their own works. When it was placed on the market, 
however, though it worked satisfactorily in 99 cases out of тоо, yet with 
certain plants and on certain machines it gave trouble, and consequently 
the firm abandoned the use of it altogether. 

The chief details to be considered in the electrical testing of com- 
plete electrical machines are insulation, temperature rise, efficiency, 
regulation, commutation and power factor, both for different loads and 
for overload. 

In dynamo practice as a rule the result of poor insulation is not 
Ше loss of energy but the production of an “earth,” with the possi- 
bilitv of shocks to those in attendance, the disturbance of telephone 
apparatus, etc., and the risk that in time it may cause a breakdown due 
either to local heating or to electrolytic action. In the latter respect, a 
2000-ohm leakage on a 500-k.w., 240-volt dynamo would be altogether 
harmless if equally distributed, while the 29 watts would be dangerous 
to the insulating material if the whole of the leakage were concentrated 
atone spot. Toa certain extent, therefore, the interest is not so much 
іп the megohms but in the question as to whether there is any local 
leakage. That is to say, suspicion would arise if the total amount were 
greater than might reasonably be expected, all other factors being 
normal. 

À great improvement was effected by using fibrous materials, such 
as leatheroid, in connection with low-tension and especially with con- 
tinuous-current dynamos, on account of their elastic and mechanical 
strength. Mica insulation, which is indispensable for high-tension 
machines, is excellent when used in thick layers, but on account of its 
inilcxibility and brittleness it is not at all suitable for use in thin layers, 
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especially when it is necessary to bend it. Тһе purely electrical 
. test of a newly erected machine is likely to give better results with a 
mica insulated continuous-current armature than with an armature in- 
sulated with leatheroid ; but with mica there is more risk of local faults, 
which occur as a rule at the corners and are chiefly due to the brittle- 
ness caused by the continual heating and cooling. 

What is rcally wanted is reliability, which can only be guaranteed 
by practical experience on the part of the manufacturer, and not Буа 
simple physical test alone. А machine, even when built with the most 
suitable material, has to undergo on completion an insulation test with 
a higher voltage than its normal, in order to ensure a reasonable factor 
of safety. It is desirable that a machine be able to stand any surges 
that may possibly arise under working conditions, but to insulate a 
machine in such a manner as to safeguard it against lightning dis- 
charges would not, as a rule, prove advantageous or commercial. 

The probabilitv of the occurrence of surges in a plant of given output 
increases with an increase in voltagc. Although from this point of 
view the factors of safety to be taken ought to increase with the voltage, 
in practice the opposite is actually found to be the case, this being due 
to mechanical and electrical reasons. А certain thickness of insulation 
is necessary in order to gain mechanical strength and stiffness, and it is 
not good practice to use mica tubes thinner than 2 millimetres, other- 
wise they will not stand the mechanical stresses. 

Thus at lower pressures the factors of safety are unnecessarily 
high, simply from mechanicalreasons. The ratio between the thick- 
ness and the piercing pressure increases with the former. Соп- 
sequently, to increase the factor of safety to a given amount will 
affect the construction of a 10,000-volt machine much more than that 
of a machine of 5,000, not to mention the difficulties which arise owing 
to the excessive space in the active zone taken up by insulation of great 
thickness. We require for our mica tubes a safety factor of 5 or то, in 
order to ensure safety against accidental weakness of the material. For 
this reason an additional thickness must be adopted, which, as will be 
easily understood, will not increase the factor of safety of thicker tubes 
to the same extent as that of thinner tubes. 

Having to take account of the fact that single layers may be faulty, 
it is necessary to increase the number of layers in proportion as the 
total thickness of the insulation is diminished. Even if it were desired 
toincrease the thickness of the mica tubes proportionately, the dielectric 
strength of the tube will still not increase in the same ratio as its 
thickness. This is shown by curves of dielectric strength in relation 
to thickness, which, as is well known, droop at higher values. 

Again the weak point of an extra high tension machine is often not 
to be found in the insulating tubes themselves, but at the ends outside 
the slot. This space for a given pattern is about the same in a 1,000 as 
іп а 10,000 volt machine, therefore the factor of satety here decreases 
as the voltage increases. 

Another weak point which becomes apparent with the rise in voltage 
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is the electrical stress between different layers of the single coils ; the 
number of coils being usually fixed by the number of poles, the stresses 
inside the coils increase with the voltage, and therefore the factor of 
safetv also diminishes in this direction as the voltage increases. Accord- 
inglv the test pressures ought not to be in the same ratio for all voltages, 
and the following rules, drawn up by the Verband Deutscher Elektro- 
techniker for the testing of insulation of machines and transformers, 
appear to be of the best practical value : 


Working pressure = P. 


For P « 5,000, test pressure applied for $ hr. = 2 P 
» 5,000 <Р < 10000 , » » » =P + 5,000 
” Р > 10,000 » » » » = 14 P 


In first-class works, however, the finished machines are tested at a 
higher pressure than is provided for by those rules, and the single parts 
are tested, before being fitted, at a still higher pressure. 

As regards the risk to the machines in carrying out high-tension 
tests, nothing need be said in reference to the damage which might 
happen through setting up an arc and burning both conductors and 
insulation, but discussions have arisen as to whether the risk of a break- 
down is increased by applying a high electric stress during a certain 
time. As far as the author's own experience goes, he has never held 
the view that a high-pressure test weakens a dielectric in the same 
manner as excessive mechanical stresses weaken an clastic metal. Ц 
often happens that a material stands a few minutes’ test and then 
suddenly breaks down. This is generally duc to a puncturing, or in 
some cases to a carbonising, effect. On account of the variation of 
the dielectric factor of the materials employed and of the gco- 
metrical form of the electrodes, the stresses of the dielectric vary, 
and if there are any points where these exceed the disruptive 
strength, the dielectric punctures and carbonises. This increases the 
stress іп adjacent parts, and the average stress per centimetre, con- 
sequently other parts become punctured in turn. The phenomenon 
was exceedingly clearly observed during a 60,000-volt laboratory 
experiment made on a tube. А few minutes after applying the current 
bright brush discharges were noticed burning and carbonising the 
surface of the tube, which progressed at the rate of 15 centimetres in 
twenty minutes. It is therefore advisable not to exaggerate testing 
pressures, but rather to seek safety in well selected and tested materials 
and in careful and thorough construction. The object of putting the 
hnished machine under a pressure test before starting up would then 
be to detect any accidental fault which might possibly have arisen 
during transport or erection. 

In all cases the conscientious building up of the machine on the 
part of the designer is a better guarantee than the voltage test made on 
а пех. 1у erected machine. It must be borne in mind that this latter 
takes place under the most favourable circumstances, while on the 
other hand an experienced designer will consider the unfavourable con- 
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ditions which may arise in actual practice. To demonstrate the effect 
of such conditions, experiments were made in our laboratory which 
are depicted by the following curves, shown in Fig. то. 
Curve A shows the relationship between the creeping distance in 
millimetres and the pressure for clcan mica tubes. | 
Curve В the same for mica tubes sprinkled with dry carbon dust. 


Volts 
26,000 


50 
Creeping distance in mm 


Fic. 10.—Curves showing Relationship between Creeping Distance in mm 
and Pressure, with Clean and Dusted Mica Insulation. 


Curve C that for mica tubes sprinkled with carbon dust and damped 
with steam. 

Although two machines, constructed with different creeping dis- 
tances, may stand the same normal pressure test, it may be that one 
is much better suited for practical work than the other, This cannot 
be ascertained by increasing the voltage of the pressure test. 
It may happen that the weakest point of the clean machine is the 
piercing point of the insulation. This would in no way be altered 
by increasing the creeping distance, but the machine of ample design 
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would puncture at the same pressure as the inferior machine, given 
that both were clean. With a well designed machine the factors of 
safetv are of course mol taken against pressures which may arise in 
actual practice under ideal circumstances, but against pressures which 
тау be met with in actual practice under unfavourable circumstances, 
and would differently affect the various parts of the machine. Above 
all the factors of safety are chosen to prevent troubles which might 
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Fic. 11.—Heating Curves of a Magnet Coil of a Continuous-current Fly-wheel 
Generator of 2 x 700 k.w. (See Fig. 114.) 
Coil tested Outside 


—— Coil Tested 
Without Fixcd on Machine 
Pole. Pole. Running. 

(a) Maximum inside temp. Sis iss Р 779 609 — 

(Б) Average measured by thermocouple ... 2 7 540 — 

(c) Average measured by variation of resistance... 729 559 359 

(d) Outside temp. measured by thermometer v 350 409 у” 

(e) Ratio 1 35 x мя бан 2 1.5 14 4 

( 


lower the insulation value, such as dust іп central stations, moisture іп 
mines, and deposits in rooms with very moist atmosphere, etc. 

Ten years ago good machines used to run without any appreciable 
rise of temperature, due to the fact that, experience in those days as 
regards commutation, regulation, materials, etc., being limited, dis- 
proportionately high factors of safety were usual. The machine was 
considered faulty if any part of it heated up beyond 30? or 40? C. At 
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the present day the only reason why we аге interested in the tempera- 
ture is the harm it may ultimately do to the machine, and especially 
to the insulating material. From experiments made on samples of 
cotton-covered wire by the National Physical Laboratory of Great 
Britain, 125? C. was taken as an approximate safe limit. With an 
engine-room temperature of 35? C. there would thus be left a margin 
for heating of about 90° C. 

The temperature of the outside of the machine is easily measured 
with a thermometer, and in making special researches the inside tem- 
perature can be measured Бу a thermojunction, a method, however, 
which is impracticable for actual work. Тһе temperature inside the 
coils varies to a great extent with the construction. Heat is generated 
equally in the body of the coils and passes to the outside and so 
to the surrounding air, poles, pole-pieces, etc. There is a remarkable 
drop of temperature in схегу layer of insulation, this drop being pro- 
portional to the thickness of the layer and to the local intensity of the 
flux of heat. The complicated nature of the phenomenon is demon- 
strated by Fig. 11, which shows the inside and outside temperatures of 
the same coil when mounted and dismounted from its pole. It would 
not be worth while to treat the problem by theory, based on the 
specific heat-conductivitv of cotton, etc. Even though we cannot 
measure the maximum temperature inside a machine, when the latter 
has been built—and strictly speaking this is what interests us—the 
change of resistance offersa very convenient means for ascertaining 
the mean temperature. According to the Regulations of the Verband 
Deutscher Elektrotechniker the average heating of magnet coils is 
measured by this method. А mean temperature rise of 60? is рег- 
mitted, which corresponds to an increase in the resistance of 24 per 
cent. This mean value also corresponds, as a rule, to a temperature rise 
of 40? C. at the exterior, measured by a thermometer. For machines 
constructed on the same pattern the variation of tbe ratio of mean 
to outside temperature, as measured by resistance and thermometer 
respectively, is very small, as shown by the following table : 


AVERAGE VALUES OF TEMPERATURE RISE IN DIFFERENT MOTORS. 
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Fic, 12.—Heating Curves of 7°5-k.w. Transformer. (See Fig. 124.) 
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Fic. 13.—1Teating Curve of Magnet Coils of 1,600-k.w. Alternator, 500 r.p.m. 
(See Fig. 134.) 
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When the coil above referred to was fitted and the machine was 
running an outside temperature rise of 9° C. was measured by a thermo- 
meter, while the average inside temperature rise, measured by variation 
of resistance, was found to be 35°C. In this case the ratio of inside to 
outside temperature rise is about 4. This extraordinarilv high value is 
due to the fact that the machine, as illustrated in Fig. rra, is of the 
flywheel type, thus ensuring a remarkably good cooling effect. 

With armatures there is no material difference between the inner 
and outer temperature, since the winding consists only of a very few 
lavers. Consequently it is not worth while to go to the inconvenience 
of indirect temperature measurements with direct-current armatures ; 
particularly since the measuring of the resistance becomes complicated 
and inaccurate, especially in the case of series parallel armatures. The 
German Regulations therefore provide in these cases for thermometer 
measurements. They limit, however, the permissible temperature 
rise to 30? C. 

As to the influence of time, Fig. r2 shows the heating curves of 
a 75-Клу. transformer, and Fig. 13 that of a r,600-k.w. turbine- 
driven alternator. Тһе machines are illustrated in Figs. 12a and 
13А respectively. The temperature of the small transformers became 
stationary after a 16-hour run, that of the alternator coils after a 6-hour 
run. For the transformer the cooling effect is very poor as compared 
with the heating capacity. We found that this effect in all Felten- 
Guilleaume-Lahmeyer transformers of the same design from 3 up to 
100 k.w. became stationary after a run of about 16 hours, and the tem- 
perature rise after a 6-hour run was for all of them 8o per cent. of its 
final value for the copper and 66 per cent. for the iron. But with well- 
ventilated high-speed machines, even in the first hours the amount of 
energy dissipated by the cooling etfect is much greater than the heat 
capacity of the masses, and so they practically reach the maximum 
very soon, as the diagram (Fig. 13) shows. 

The temperature rise in an oil transformer can be seen from Fig. 14. 
The transformer itself is shown in Fig. 144. Here the lower parts do 
not heat at all at the beginning of the test. Тһе lower the thermo- 
meter is placed the greater the difference between the temperature rise 
obtained after a few hours’ run and the stationary value. 

From these examples it will be seen that itis impossible to establish a 
universal ratio between the temperature rise after continuous running 
and after a 6 hours run. It is desirable, therefore, in drawing up 
general rules, that these should not refer to any arbitrary time, but 
to the stationary temperature after continuous running. 

In actual tests either the increase in temperature should be followed 
up in order to see when the highest temperature is reached, or such 
running time should be allowed as has proved sufficient for machines of 
similar type. 

With machines for long intermittent service the period of the service 
should be used as a basis, while with machines for short intermittent 
service one should endeavour to take into consideration the special 
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character of the work. In order to avoid complications, however, it is 
customary in the latter case to take as a basis a 1-hour continuous run. 

The greater the heat capacity of the mass of the motor in com- 
parison to its radiating capacity, the more will these values differ from 
the real value. 

If there is no opportunity for fully loading the machine, an idea of 
its thermal characteristic may be obtained by the well-known method 
of running it alternately with a higher voltage and with a higher 
current, so that in each case the full losses are obtained. For example, 
the following is the method we have employed to test a single 200-k.w. 
transformer for a voltage of 10,000/28,000, in which the iron losses 
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Fic. 14.—Heating Curves of Oil Transformer. (See Fig. 14.) 
amounted to 3,420 watls, and the copper losses to 2,500 watts, under 
norinal working conditions. Тһе transformer was first run for one 
hour with 13,900/34,700 volts, corresponding to losses of 5,830 watts. 
It was then run for one hour short-circuited with 19:3 amperes and 
with 8 amperes respectively, corresponding to losses of 7,040 watts, 
Though in each case the losses were practically the same as those 
occurring under working conditions, by continuing the test for a 
sufficient length of time it was possible to gauge the temperature rise 
of the machine. 

The object of the heating test is solely to ascertain that the recog- 
nised standard limits for the heating are not transgressed. Whether 
the temperature of a machine increases 20? C. or 50° С. is otherwise 
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wholly immaterial, and it would be entirely premature to draw a con- 
clusion as to the ample design of the machine from the increase of 
temperature alone. А cooler machine is certainly an advantage, 
inasmuch as it may be used in warmer localities, but apart from this 
a low temperature rise is of no practical value if the machine cannct 
be overloaded owing to its commutator beginning to spark, its regulation 
being insufficient, or perhaps on account of its mechanical construc- 
tion, or owing to being driven by a gas-engine. It is not even certain 
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Fic. 14^.—О! Transformer. 

with regard to the thermal qualities that if of two machines A shows 
30? С. and В 40° С. increase of temperature with normal load, that 
А will allow of a higher overload than B, before the permissible limit 
of 50° C. is reached. This might actually not be the case if A worked 
with small iron losses, with great copper losses, and with high 
magnetic field saturation. 

Finally much depends upon the reason why one machine heats 
more than another. И, for example, in a gas-driven plant one of 
two similarly constructed machines runs at a temperature of 50? and 
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the other at 30°, the difference being due alone to the fact that thc 
armature openings have been covered in the former case to prevent 
the entrance of gases and dust, the machine with a 50° rise is to be 
preferred to the other cooler machine. Extraordinarily low tempera- 
tures may no doubt be preferable under certain conditions, if, for 
instance, а very exact constancy of field is required, with low 
saturated magnets, but, as a rule, if the temperature does fall below 
the given limit this does not constitute any particular advantage. 

The efficiency of electric machines is defined by the ratio between 
input and output of energy. Тһе output is, as a rule, mechanical or 
electrical, the input the same, ог a combination of both. Theaccuracy 
of mechanical measurements, both by brake for output and by indicator 
or hvdraulic tests for input, is much behind the accuracy of electrical 
measurements. Et is therefore good practice to avoid mechanical 
measurements, and to check by electric measurements the losses 
dehning the difference between input and output. However, even 
when dealing with input and output of electrical energy alone from 
such machines as transformers, converters, and motor-generators, etc., 
more accurate results are obtained by testing the losses than by com- 
paring input and output. In the first place an inaccuracy of an 
instrument of 1 per cent. will affect the result by г per cent. in com- 
paring input with output, whilst the same inaccuracy in measuring the 
losses will affect the value of the efficiency by ү» per cent. at a 
maximum. — For supposing that the efficiency may be about 9o per 
cent, an inaccuracy of 1 per cent. in measuring the losses will 
influence the value of efficiency only to one-tenth of т per cent., 
the losses themselves being about 10 per cent. of the input. Besides 
this, instruments for measuring the losses are mostly more reliable 
and the arrangements less complicated. Ав the designer calculates 
the losses, and these are tested in a simpler and more reliable 
wav, the guarantees ought to be based on them, as it is important 
that they should be of a kind which both the designer and the 
user can check. 

To check the copper losses at full load in armatures, the resis- 
tances ought to be measured after a regular normal run. To correct 
the resistance for the heating at half or three-quarter load is un- 
necessary, as at these values an inaccuracy of the copper losses 
scarcely affects the efficiency. Special care must be taken with 
continuous-current armatures in regard to the different brush contacts, 
and to the exclusion of the contact resistance of carbons. Тһе results 
will scarcely be exact within a few per cent., but an error of even 5 
per cent. would affect the total losses only by about 1'5 per cent., and 
the ейсіепсу by not more than about o'r per cent. In special cases, 
where heavy current armatures are concerned, the resistance may be 
Calculated from the copper dimensions. 

As regards the testing of iron losses a very simple method was 
announced last year in the technical press. To investigate those of a 
several thousand kilowatt alternator small samples of the iron used in 
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the armature were reserved and tested in the laboratory at the same 
inductance and frequency as in the machine. By multiplying the 
figures with the ratio of weights of the iron in the armature and of the 
sample, the iron losses in the armature were supposed to be checked. 
Every experienced designer who has ever compared actual losses in 
machines with the losses calculated on the above basis is aware that 
the method is faulty and that the results will be too low. 

What are guarantecd as iron losses in machines are not the losses 
which occur in the unfinished iron, when the lines of force are 
uniformly distributed in exactly the way which the designer has 
prescribed in the armature core. There are the additional losses due 
to varying density, dispersion, and above all to hysteresis and eddy 
current losses in other parts of the machine, whether solid or lami- 
nated. The data necessary for the computation of these losses can only 
be obtained by thorough research, and not alone by simple measure- 
ments on a test-piece in the laboratory. 

Thus in the early days of dynamo manufacture a difference between 
the losses calculated by the Steinmetz formula and those found by tests 
on machines was observed, to compensate for which the multiplication 
of the theoretical losses by a certain factor was proposed. Fig. 15 
refers to observations made at that time on continuous-current 
machines. The full lines show the losses as found by testing 
laboratory samples and as measured on actual machines. For a 
varying induction both for 15 and 30 N the ratio between losses іп 
the machinery and losses in the laboratory samples increases both 
with the frequency and the induction, as will be scen by the dotted 
lines. This is principally due to the fact that there are more eddy 
currents in a dynamo than in a laboratory test-piece. 

Assuming that eddy currents vary with the square of both the 
frequency and the induction, while hysteresis varies directly with 
the frequency and with the 1:6 power of induction, it will be seen that 
it is impossible to find a constant factor which will give the exact 
actual losses by multiplication of the theoretical factors. To emphasise 
the difference as much as possible, the curves are based on measurc- 
ments taken from out-of-date machines; but similar results will be 
found in modern machines. We therefore see that to calculate the 
iron losses of a machine we must take into consideration the machine 
running under normal conditions, and to calculate the iron losses either 
for the purpose of designing a machine or for guarantecs we must 
base our calculations on curves of losses as determined from actual 
machines. 

The most thorough method of guarantecing a machine consists 
therefore in basing the guarantee on the most unfavourable values, 
obtained from previous machines of similar construction. Such values 
will be found to differ to a very considerable degree from those deduced 
from theoretical considerations. 

In illustration. of this some curves of iron losses are given іп 
Fig. 16, which are taken from a few of the best standard works on 
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electrical machine construction. The figure also contains a curve 
of loss, designed by the author as a basis for guarantees. Naturally 
the efficiency which has been calculated for a certain machine is very 
greatly affected by the choice of the curve of iron losses. The curves 
have been taken as a basis for the calculation of the efficiency of 
а certain machine in the next figure (Fig. 17). Ав may be seen, 


| 7 
Нан” 
ТЕТЕ 


123 4 5 6 7 5 9 ОП IZ 15 14 15 16 17 18 1920 
Bx1o? 
Fic. 15.—Losses as tested in Machines and in Laboratory Samples. 


differences occur of 3 per cent. at full load and of 5 per cent. at 
half load. 

Іп order, then, to establish a comparison of guarantees as regards 
iron losses and to enable any one to judge the comparative value 
of different machines, it is essential that these guarantees should be 
calculated on identical lines. Because otherwise in specifying the 
efhciency of a machine a low efficiency is often not so much due to 
the fact that the machine offered is an inferior one as that the speci- 
fication has been worked out in a more thorough and conscientious 
manner. 
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Гоп losses сап be accurately tested with transformers ог motor- 
generators. With continuous-current machines special care must be 
bestowed on the position of brushes. Fig. 18 shows the variation 
observed on a machine running as a motor with different sparkless 
positions of brushes. In the case of motors the manufacturer for his 
own iuformation can separate friction and iron losses by different 
methods, but the buyer will be satisfied with a combined test. With 
engine-driven generators indicator tests give the no-load losses of the 
set and the losses due to excitationand magnetisation, The inaccuracy 
of light-load indicator diagrams is diminished, but not altogether 
avoided, by throttling the steam to work with lower pressure. 

For instance, a 400-k.w. steam alternator gave the following results :— 


Minimum, Maximum. Average Value, 
Friction losses ......... dis du sus . 375 42'8 40 Н.Р. 
Friction and iron losses ......... 546 боз 58 Н.Р. 
Iron losses ........ ТИРЕ cuv XI 22:8 18 H.P. 


A great number of diagrams are therefore required to get some 
degree of exactness. 

If the voltage available differs a little from normal a correction may 
be made, assuming that the losses vary with the square of the voltage. 
This assumption is correct in most cases, so that it is not worth 
while to refer to any special laws with regard to the relation between 
hysteresis loss and the eddy current loss. This is evident from the 
following data which have been observed with reference to the iron 
losses of a direct-current machine. 


| : 
Volts | Watts. bs 5. ; 
| | Volts 
244 340 0700572 
327 | 605 0'‘00565 
| 415 970 0'00563 
500 1,405 0'00562 
! 552 1,715 0'00562 
| 589 1,065 0°00506 


Average .. 0'‘00565 


These figures show that the iron losses of this machine built for a 
normal working pressure of 500 volts can be correctly represented 


between the limits of 244-580 volts by the formula : Watts = 070057 x 
volts’. 
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Testing is simplified if the efficiencies of engine and generator are 
not guaranteed separately but combined. In this case the result will 
be obtained by indicating the engine and measuring the output of the 
generator. Тһе simplicity of this method and the importance of the 
result of this test for the buyer has brought it into frequent use. 
Sometimes the iron losses can be tested in a more accurate way than 
by the indicator method, if thc generator can be disconnected from the 
steam engine and if a second set is available to run the first when fully 
excited. If required in this test the separation of friction from iron 
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losses can be effected either by varying the induction and extrapola- 
tion or bv the running down method. 

Though the accuracy of electrical measurements is much higher 
than that attainable in other branches of engineering, we must bear 
in mind that it is not absolute. Even with continuous-current tests 
special care is required to measure current or voltage within o'5 per 
cent. In dealing with high-pressure wattmeters it is very difficult to 
get within 1 per cent., though the readings may be accurate within 
озі per cent. 

Taking into account the inaccuracy of mechanical measurements, 
it appears absolutely necessary in the case of efficiency tests to allow 
a margin of error; up to 2 per cent. being commonly agreed upon. 
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Even higher margins must be allowed іп hydro-electric plants, 
particularly when working with a small head of water. 

Formerly the losses in the carbon brushes in direct-current machines 
were underestimated and regarded as negligible. The friction losses 
are included in the total friction losses of the machine, while those due 
to the resistance of the carbons are ascertained either on the basis of 
curves, plotted for the different kinds of carbon brushes, as shown in 
Fig. 9, or by adding one insulated brush and measuring the difference 
of potential between it and the current-carrying brush. 

The slip losses of 3-phase motors can be ascertained either Бу 
measuring the copper resistance and the current absorbed, or in the 
case of slip-ring motors the frequency of the rotor can be measured 
by means of a millivoltmeter. 

Moreover, against the no-load method the objection has been raised 
that under load additional iron losses will occur in the machine due to 
distortion of the field, and with a direct-current armature additional 
commutation losses occur in the short-circuited coils. Though thco- 
retically these objections are well founded, they are the less important 
the stronger the field and the better the commutation. ‘Therefore the 
better the machine is, the less these losses may be considered. 

Efficiencies measured directly and indirectly coincide, as а rule, 
within the limits of the error of the observations, which is about 1 to 
гу рег cent. The author therefore prefers the simple and more exact 
method of the separate loss measurements. It is, moreover, his opinion 
that this method should be used for calculating guarantees, as it is 
important that guarantees should be capable of being checked in a 
simple and unobjectionable manner. 

There is no difficulty in ascertaining power factors. Duc considera- 
tion should be taken that possibly differences exist between the phases 
in two or three phase plant, caused cither by a slightly unbalanced line 
or in certain cases by an unbalanced motor winding, which frequently 
cannot be avoided if the motor is designed so as to be separable into 
two or more parts. Тһе simplest way to obtain the power factor is by 
the 2-wattmeter method. Slight inaccuracies of the wattmeters may 
he climinated if necessary by interchanging them. 

There is no doubt that the greater the value of cos ¢ the greater 
the advantage to the owner of the machine, and particularly to the 
supplier of energy, but in considering the question care must be taken 
that it is not attained by reducing the air-gap to too fine a degree. 

With an alternating current the regulation is defined as the per- 
centage drop of the voltage between no-load and full-load current with 
а certain power factor. In the case of transformers, however, it is 
usually ascertained by short-circuiting the secondary bv an ampere- 
meter and observing in the primary the voltage required to give the 
normal amperes. But as a particularly good regulation is essential 
With transformers, it should not be obtained by reducing to a minimum 
the distance between the high and low tension coils. In comparing 
transformers for a very high voltage the author would prefer onc with 
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ample distance between the high and low tension coils, even if the 
regulation is poorer. Apart from special cases, such as machines for 
electric furnaces or tramway machines to work in parallel with buffer 
batteries, the closer the range of the regulation of gencrators the better. 
The very small values, however, as a rule are not attainable, on account 
of the variation of the speed of prime movers. Furthermorc, one must 
not lose sight of the fact that with direct-current dynamos and motors 
а too great degree of regulation might produce oscillations and 
fluctuations between machines working in parallel, and small variations 
of voltage will influence the amperes to a great extent. 

The overload capacity for motors must be tested both as regards 
starting and running. In calculating the torque of alternating-current 
motors one must not lose sight of the fact that if the torque varies with 
the position of the rotor the user has to reckon with the lowest value. 

For measuring the torque the most convenient method is perhaps to 
start against a spring balance attached to a rope passed over a pulley, 
and to allow the motor to choose a position, but more accurate results 
are obtained by adjusting a lever in different positions and allowing it 
to raise a weight. 

The overload capacity of alternating-current motors is often ascer- 
tained in the simplest way by lowering the voltage until the motor 
ceases to run. In motors for pumps, fans, ventilators, and such-like, 
where a variation of the torque will never occur in actual service, it 
is this overload capacity (stability when the voltage falls) which is of 
chief importance to the user. 

Machines, as a rule, are not intended to run with a continuous over- 
load, though it may be important for them to be able to do so fora 

hort time. According to the German Regulations machines should, as 
a general rule, be tested with a 25 per cent. overload for half an hour, 
and with 40 per cent. overload for three minutes. 

It is perhaps enough if these prescribed conditions аге fulfilled, 
and the manufacturer should not be pressed to guarantee better 
results. In building up his machine, Бе should take all precautions to 
ensure that it works well under normal conditions, and should not risk 
mpairing it in this respect by introducing an undue overload capacity. 

With continuous current machines the maker must devote atten- 
tion in designing a machine to making it run absolutely sparklessly. 
Formerly, when the shifting of brushes was usual for dynamos, we 
checked the commutation of our machines by ascertaining at different 
loads the most forward and the most backward position of the brush 
gear before any sparking was noticed. This is clearly shown by the 
diagram in Fig. 19, taken from a machine (Fig. 193) running without 
any sign of sparking from no load up to 1,400 amperes, and without 
апу injurious sparking from no load up to 1,600 amperes, the brushes 
being always in the same position. The neutral zone at no load equals 
30° and at full load 10°. Even if the driver shifted the brushes and 
did not take the best position for the given load, there is ample margin 
for varying the load without sparking. "Tests of this description are 
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less important at the present time, since with compensated machines а 
fixed position is guaranteed by the construction of the machine. 

A fairly good idea is obtained from the commutation diagram. 
Fig. 20 shows some examples of commutation curves taken from а 
machine working well and from one working badly. 

No doubt a sparking machine is bad, but even if the machine under 
test does not spark, this does not mean that it is good. It often happens 
that a machine which runs, sav, fairly well to-day will give trouble 
after some months of actual work. What is required, and what cannot 
be checked by a mere test, is reliability. This reliability in the first 
place is guaranteed by the strength of the mechanical construction. A 


Shifting of brushes as measured by the number of commutator bars 


Fic. 19.—Width of Neutral Zone at Varying Load. (See Fig. тол.) 


machine running well under good mechanical conditions may give 
trouble if these conditions change through wear and tear, just as in test- 
ing the materials for a machine we must not lose sight of the fact that 
the electrical part, although important, is only a part, and that a machine 
tobe good must be sound both from an electrical and a mechanical 
point of view. It is needless to state that there exist a number of 
methods and instruments for testing a machine electrically, but it is 
rather more difficult to test the mechanical part. The simplicity 
and the exactitude of electrical measurements are important for the 
Progress of the industry, but one is apt to overestimate the points 
which can be checked without difficulty, to the detriment of those which 
can be checked only by experience. 
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It is necessary to have certain standards by which to simplify and 
strengthen the manufacture in general. As far as necessary in the 
present paper, the author has followed the German standards, partly 
because they are familiar to him, and partly because he considers them 
good. А machine must fulfil certain requirements, otherwise it is 
bad. But if these requirements are exceeded, the degree of excess is 
not necessarily a criterion of the quality of the machine as a whole, 
nor even of its value in respect of any particular requirement which mav 
be exceeded. А 500-volt direct-current machine, which will stand a 
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Fic. 20.—Commutation Curves of Bad and Good Working Machines. 


3,000-volt insulation test, may not have so good an insulation as another 
which the manufacturer would trust with only 1,000 volts. For such a 
machine will never be called upon to stand 3,000 volts in service, 
whereas copper and coal dust and want of cleanliness in caring for the 
machine are conditions which are likely to occur. Тһе fitness of the 
machine to withstand these may be guaranteed by a thoroughly well-con- 
sidered design, based on experience as to what may prove the weakest 
point under bad circumstances. The same applies to sparkless running. 
If two new machines run sparklessly with a final test within the 
overload limits as given, say, by the German Regulations, the experienced 


FIG. IQA. 


Тһе 
President. 


Мг. 
Skinner. 


62 EPSTEIN: TESTING OF ELECTRIC MACHINERY [Nov. 22nd, 


Good factors cannot be based on the amount by which the standard 
values are exceeded, but the practical points must be considered. 
Where accurate measurements are possible, such measurements should 
be made by all means ; but at the same time the qualities which cannot 
easily be gauged and are equally important must not be lost sight of. 
In all cases where measurements do not suffice one must take into 
account the workmanship, and, above all, make use of the experience 
obtained from similar objects based on the same lines. 


DISCUSSION, 


The PRESIDENT: There are two or three words of explanation that 
I should like to make this evening. Most of you know that the questions 
which are touched on in this paper have been discussed and considered 
very fully by one of the Engineering Standards Committees during the 
last year or year and a half ; and, in order to obtain material for their 
discussion, the Committee consulted a number of gentlemen in England 
and in other parts of the world, and received from them very valuable 
advice and help. But from few, or any, of those whom they consulted 
did they receive advice and opinions in answer to their questions—and 
their questions were searching ones—which were of more value and 
interest than those which were reccived from our friend Professor 
Epstein. Professor Epstein has now put the information that he had 
so gencrously and freely given to the Committee at the disposal of our 
Institution, and the paper which you have heard read this evening is the 
result. We are privileged this evening to welcome amongst us Mr. 
Skinner, of the American Westinghouse Company, who, on the other 
side of the Atlantic, has done at least as much as any other man in the 
country in making tests and experiments of this nature. Mr. Skinner 
leaves for Amcrica in the morning, and if he feels able to say a few 
words now, or to add anything to the discussion that will take place 
subsequently, I am sure the mecting will be glad to hear him. 

Mr. C. E. SkiNNER (Pittsburg) : It is certainly a great privilege for 
one who has taken a good deal of interest in the proceedings of this 
Institution on the other side of the Atlantictoattend one of its meetings, 
and to hear the paper which has been read this evening. I was very 
much interested in many points, particularly with regard to what would 
seem to be the allowable temperature rise in machinery. I can hardly 
believe that the Professor would be willing to put out a machine which 
would have а 90” temperature rise. The usual limit of rise of tempera- 
ture called for in contracts and specifications in the United States is 
40°C., this figure being adopted as the result of long practice. There 
seems to be a tendency on the part of users of electrical machinery to 
force it down to 35° С. or 30°C. I may be wrong in assuming that the 
figure 125?C., given as the limit at which fibrous materials may be run 
without deterioration, is taken bv the Professor as allowable in electrical 
machinery. This scems to me to be a very excessive amount, and that 
long-continued runs at this temperature on the insulating materials 
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which are necessarily used in dynamo construction will certainly cause 
serious deterioration. Тһе result depends on both time and tempera- 
ture, and the time must be taken into consideration. 

We have been endeavouring in America to get down to some sort of 
standard specifications for the purchase of materials used in construc- 
tion of electrical machinery. In the working out of these specifications 
we find that it is absolutely necessary that the specification should be 
satisfactory to the producer of the materials as well as to the purchaser, 
otherwise we must pay excessive prices for the materials. Specifica- 
tions are sometimes written merely to describe a material, so that the 
manufacturer will know what the user of the material wants. It 
frequently happens that the producer of the materials has no idea of 
the use to which they are to be put ; consequently a brief specification 
will enable him to furnish the grade of material best suited to the work. 
In other cases we find it necessary to specify certain qualities and to 
demand that the specifications be met to the letter. We find it very 
dificult to write a specification for a material without considerable 
experimental work in the laboratory. We must make many and long- 
continued tests to find the limits which may be imposed ; and, in general, 
we should make the specification as lenient as it is possible, and still 
cover the material which is desired. Some of the difficulties in making 
satisfactory specifications may be illustrated by a story that is told of a 
certain man who was designing a submarine boat. Не specified that 
all the steel used should have an elastic limit of 300,000 lbs. per square 
inch. When he was told that it was entirely impossible to obtain such 
steel, he said that his design failed unless he got it. We are compelled 
to take the conditions as they exist and make the best of them, and we 
should make our specifications cover the commercial conditions as 
nearly as possible. 


DiscussioN AT MEETING ОЕ DECEMBER б, 1906. 


Mr. W. H. PATCHELL: I find it is very interesting to sce the way 
that Professor Epstein has put before us very intricate problems, and 
has used common-sense where other people probably would have used 
higher mathematics. One matter which I have come across in my 
схрепепсе is hardly referred to in this paper, namely, іп the question 
of testing, the power behind the test. In testing cables, for instance, 
ог any machine which has considerable capacity in it, it is absolutely 
useless to set out on that test unless we have not only pressure but 
Pienty of power behind it, because we may get a breakdown and not 
be able to follow it up. I have had considerable difficulty and delay 
in testing cables while obtaining experience in that direction. We 
һай a faulty cable, and we could get a kick on the instrument, but 
we could not localise the fault, because having punctured it we had 
no power to follow it up and actually show the bad place and point 
of failure. On page 42 the author refers to the desirability of machines 
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being able to stand surges. I take it that there he refers to pressure 
surges. When ме are concerned with large plants and machines 
working in parallel, the ability to stand current surges is equally 
important. There are machines which will run excellently by them- 
selves, but their cross connections, which under the normal working of 
the machine are lightly loaded, become overloaded during certain con- 
ditions which arise in practice. These connections are sometimes of 
too small a section, and break down, so causing considerable trouble in 
repairing. I have had machines which would run most beautifully 
without a spark, and yet if we tried to warm them for drying out in 
the way we have been used to for some years, the internal connections 
would give trouble. There may be difficulty in arranging internal 
connections of sufficient area, but I would ask manufacturers to bear 
in mind that we have in practice to deal with current surges as well as 
pressure surges. Оп page 43 the author refers to a matter which has 
always been'a pet idea of my own, and says I am to throw it away ! 
It is the question of a high pressure test weakening a dielectric. Many 
points which have come before me have rather confirmed, or tended to 
confirm, my belief that you may strain and weaken a dielectric, so to 
speak, unconsciously, just as you may, when testing metals, exceed the 
elastic limit, and so weaken the metal without knowing that you 
have done so. I have always been under the impression that a high 
pressure test might leave the machine or cable tested worse than 
before testing. 1t may be that the danger I have anticipated is really 
due to incipient carbonisation, so that if you could lay open or closely 
inspect the cable you might find that incipient carbonisation had set 
up, which subsequently would shorten the path and lead to a break- 
down. Professor Epstein rather scouts that idea, and says that as far 
as his experience goes he has ncver held the view that a high pressure 
test does weaken a dielectric. In Fig. то some curves are given, but 
no reference is made to time. That seems rather strange to me, 
because in Fig. 8 time is taken into account. I should have thought 
the time also ought to have been important and ought to have been 
mentioned with the creeping distance referred to in Fig. 10. Оп page 
43 we certainly have a reference including time, where 15 centimetres 
creepage in twenty minutes is mentioned, so that the Professor is quite 
well aware of the intluence of time, and I think it would have been more 
helpful if we had had that influence plotted on Fig. 10. With regard to 
the question of oil transformers, the result shown on page 49 is interest- 
ing, but there is an absence, I think, of any data as to the size of the 
oil transformer either in kilowatts or inches. If we could get some 
idea of the size of the transformer, it would help us better to appreciate 
the curves shown in Fig. 14. I take it that the transformer had Бесп 
allowed to stand with the oil in it and soak through, if I may use a 
common expression, so that the temperature at the start was uniform. 
In Fig. 14 all the curves start from zero, so I take it they were actually 
allowed to soak before starting. There is a very rapid rise at the 
oil surface and less rapid in the winding, and why tlie bottom and the 
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теап--І am not quite sure where the mean is—should go along with- 
out any rise whatever for seven hours is rather puzzling. On page 51 
reference is made to the efficiency of machines. The efficiency is 
very shortly stated as the ratio between input and output of energy. 
I remember, when going into the method of testing the efficiency of 
machines with Professor Epstein some six years ago, we made out, I 
think, six different possible methods of testing the efficiency, so that it 
would be rather important to know not only what the efficiency is to 
be, but to settle before starting how it is to be determined. Тһе 
particular machines on which we had such a wide range of choice of 
methods with varying results were motor-generators. The Professor 
makes a point as to the comparative crudeness of mechanical methods 
of testing. I remember Mr. R. K. Morcom, of Bellis & Morcom, 
Birmingham, telling me an interesting experience he had of a test 
where, in the absence of a direct-coupled dynamo, which is the 
simplest method of testing steam engines, they test with a Heenan and 
Froude water brake. He checked with very considerable accuracy the 
value of “J” by the diagrams of the engine and the heat put into the 
water brake. On page 52 the question of guarantees is dealt with. 
I think sometimes too much importance is attached to guarantees. It 
is equally important not only to know the numerical value of the 
guarantee but the personal equation of the firm giving the guarantee, 
because I think many of us in this room would rather have one man’s 
go per cent. than another man’s g2 percent. One of the most important 
points in the paper refers to the same question of guarantees, and is 
dealt with on page 57. It is not only important to settle the guarantees, 
but it is absolutely important that there should be easy means of check- 
ing whether those guarantees can be sustained or not, in, as the Pro- 
fessor aptly puts it, a simple and unobjectionable manner. We obtain 
many guarantees, апа we cannot always tell whether they have been 
reached ог not. Тһе machine may stand up to its work and do it 
without trouble, but it is often commercially impossible, without con- 
siderable difficulty, to check whether you have got literally what you 
are paying for, although practically you may feel perfectly assured that 
you have obtained a great deal more. Then I come to the question 
of reliability. Тһе Professor sums it up in this way: “What is 
required, and what cannot be checked by a mere test, is reliability. 
This reliability in the first place is guaranteed by the strength of the 
mechanical construction," But I think it goes a good deal farther than 
that. Speaking as a buyer and user of machines, we do not want а 
machine cut too fine in creeping surfaces and matters of that sort. 
We not only want a strong shaft and plenty of bearing surface and 
insulation, but we want a machine that will not require microscopic 
and hvpercritical cleaning! Some machines will run all right at the 
test and if you have a squad of men looking after them ; but machines 
are called upon to run under conditions which are frequently anything 
butideal. We may get a machine which would behave splendidly so 
long as it was looked after by skilled hands, but when it gets out into 
VoL. 88. 5 
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a dusty and dirty place it causes considerable trouble. So that we 
want plenty of creepage surface on a machine, and that creepage 
surface of substantial construction, so that it cannot be easily knocked 
away. I remember in the old days we used to get commutators, 
where the commutator ring which closed up the cone at the end of 
it was separated from the commutator bar by perhaps one-tenth of an 
inch. That was beautiful as long as it was clean, but it was not 
practical. Then we got machines which had a thin ring of mica 
sticking out about an inch above the commutator bars. That was 
very pretty until somebody happened to lean against it, and then the 
insulation was gone! We want machines which will actually stand 
up to their work. I have seen machines in factories which will run 
when acan of water is poured over them, but I look on machines like 
that as freaks. I remember testing an electric launch before breakfast 
one morning. We went very close indeed to a tug with a big wash, 
and we came home the last quarter of a mile with the armature running 
under water, but the last thing I should have done would have been to 
call that armature waterproof ! On page бі there is a very instructive 
passage: “ Features like this can only be guaranteed by good design 
based on ample experience, good selection and checking of the 
materials, and conscientious work in all matters connected with the 
tendering for and the construction and erection of the machine.” 
That, I think, might well be taken as the motto for every manufacturer, 
and then people who bought machines would have a happier life. 
On behalf, not only of the users but of the Institution, I desire to 
thank the Professor most cordially for placing such an excellent paper 
before us. 

Mr. JOHN S. Peck: I have been much interested in reading 
Professor Epstein's paper. There are quite a number of points on 
which I agree with the author, and others on which I disagree. 

On page 33 it is stated that the permeability of sheet steel is not of 
great importance in the construction of armatures or transformers. 
This is true in the majority of cases, but where the output of apparatus 
is limited by the extent to which certain parts can be saturated, as, for 
example, the teeth of certain classcs of armatures and in low frequency 
transformers, high permeability is of great importance. For single- 
phase railway working, where very low frequencies may be used, it is 
probable that for transformer steel the permeability will be of more 
importance than the actual loss. | 

On page 35 the author refers to the “figure of loss" in the measure- 
ment of sheet steel. I think that the standard chosen, i.e., 10,000 lines 
at 5o periods, is a good one, and that this standard should be adopted 
in Great Britain. It should, however, be specified that the loss is to be 
measured on a circuit having a sinc wave-form of E.M.F.,as differences 
in wave-form will frequently make 10 to 20 per cent. difference in the 
measured loss. 

On page 36 the definition for ageing is given. It is defined as the 
percentage increase in loss after 600 hours at a temperature of 100° С. 
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It appears to me that 100? is too high a temperature, because there are 
very few machines that are operated at such a high temperature ; 85° 
would be a more reasonable value to choose. It is a well-known fact 
that steel which will age at 100° may not age at 80°, or steel that will 
age at 80° may not age at 65°. What the manufacturer wishes to know 
is what guarantee for арсіпр he can make after his apparatus has been 
in service for a certain length of time. He may know that if his steel 
does not age at roo? it will not age at 85°, but that is not sufficiently 
exact. Manufacturers are being called upon for closer and closer 
ageing guarantees, and it is quite essential to know what the ageing 
will be at the normal working temperature of the apparatus. I hope 
that when a standard is adopted—and I think that a standard should 
be adopted—it will be at a lower temperature than 100° C. 

On page 36 the author states that insulation resistance is of relatively 
little importance. I quite agree with this statement. Insulation resist- 
ance measurements have, however, one use. They serve as a rough 
indication of the condition of the insulation. If there is moisture 
present, it will be indicated by a low resistance. Some manufacturing 
companies always take the insulation resistance of high-voltage 
apparatus before making an insulation test. If the insulation resistance 
appears low, the apparatus is dried out before the test is made. In 
general it is found that where insulation resistance is low, it may be 
very greatly increased by proper drying. 

On page 38 reference is made to the size of the electrode, and it is 
stated that since a large electrode covers a greater surface, it touches 
more weak spots, and, as a result, the breakdown voltage is reduced. 
I believe that the capacity and heating effect of the large electrode has 
more to do with the low breakdown voltage than has the fact that it 
covers more weak spots. There is another point that will greatly 
influence the breakdown voltage, and that is the weight of the 
electrode, or the pressure at which it is applied. 

I cannot understand how the connecting of condensers in parallel 
to the electrode can make any material difference in the breakdown 
voltage. It would appear to me that the lower breakdown voltage 
must be accounted for by some distortion in wave-form, or by some 
error in the voltage measurement. I cannot underst ind how so small 
a condenser can distort the wave-form to any great extent. I should 
appreciate the author's views as to any explanation for the lower break- 
down values. I should also like to ask how accurate temperatures are 
obtained on the heating of insulating tubes, as described on page 38. 

The question of nitric acid is touched upon at the top of page 39. 
There is a good deal said at the present time on this subject, and while 
І think that there is a possibility that nitric acid may be formed 
wherever a brush discharge occurs, I do not believe that a great deal 
of trouble is due to this cause. I believe a more simple explanation 
will usually account for the trouble. 

Some twelve years ago, when our general knowledge of alternate- 
current phenomena was somewhat vague, it was customary to charge 
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every mysterious breakdown to self-induction. А few years later, 
some one invented the term “dielectric hysteresis,’ and for a long 
time that proved to be a most successful means of explaining any 
insulation trouble which occurred. After dielectric hysteresis came 
* resonance," and even at the present time many apparently mysterious 
troubles are put down to this cause. 

While there is no doubt that self-induction, dielectric hysteresis (or 
heating of the dielectric from whatever cause), and resonance have 
been responsible for many breakdowns, still I think that a great 
majority of the troubles which have been charged to these could really 
have been explained in some much simpler way. 

So it is with nitric acid. I do not say that there is no trouble due 
to the formation of nitric acid, but I believe that such troubles are 
small, and I agree with the author when he says that if the insulation 
of the machine is properly designed to stand the insulation tests and 
the mechanical stresses to which it is subjected, there will be little 
danger from the formation of nitric acid. 

On page 40 the author refers to high conductivity brushes. Iquite 
agree with the general conservative view which he takes, and while we 
hear a great deal at the present time of brushes which may be worked 
up to 80 and roo amperes per square inch, the conservative engineer 
is not designing his machines with any such densities. It may be 
possible that brushes worked at such densities will work successfully 
on the test-bed, but with the present limited experience in the manu- 
facture and use of such brushes it does not seem advisable to attempt 
these abnormally high densities on cominercial machines. 

On pages 41 and 42 reference is made to mica and leatheroid. It 
is stated that mica is essential for the insulation of high voltage 
machines. I do not agree with the author on this point. Some of 
the largest manufacturers of high voltage machines have entirely 
eliminated mica from much of their high voltage apparatus. Others 
use a small amount of mica interleaved with fibrous material. 

Regarding the very heavy solid mica tubes used by certain manu- 
facturers, I am informed:that one well-known manufacturing company 
experienced very serious trouble with their high voltage machines 
insulated with these tubes after they had been in operation for a short 
time, and that they had now entirely abandoned the use of solid mica 
tubes and were using paper and mica. 

Leatheroid is a very hard strong material, but it cannot be handled 
readily unless it is moist. When it becomes very dry it is extremely 
brittle, and I should hesitate to rely upon it entirely for the insulation 
of any electrical apparatus which is subject to vibration. 

On page 43 certain values for insulation tests are given. I do not 
know whether the author is in agreement with these tests, but I certainly 
am not. They are what are called ordinarily “low-pressure long-time 
tests," and I am opposed to this system of testing for two reasons. 
First, I think there is a possibility that the insulation may be per- 
manently damaged without actually breaking it down; and second, 
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I do not think that the long-time test at low voltage is the one that 
shows best the suitability of the apparatus for actual service. 

If we test the insulation of a machine for thirty minutes it may 
stand, and yet break down after thirty-one minutes. Can any one 
believe that if the test had been stopped at the end of thirty minutes 
the insulation would have been as good as it was before the test was 
applied ? 

The author refers on the same page to a test where static discharges 
were observed creeping over the insulation. These discharges pro- 
duced carbonisation of the dielectric, and their effect was gradually 
increased. with time, so that at the end of twenty minutes they had 
extended over a distance of fifteen centimetres. If the test had been 


stopped at the end of twenty minutes, would the insulation have been 


as good as it was before the test was applied? In the machine referred 
to, the static discharge was in such a position that it could be seen, 
but there is always the possibility that a discharge mav take place 
where it cannot be seen, and if the apparatus does not break down 
during the test, it will be left in a weakened condition. 

I have seen an insulating barrier taken from between the coils of 
a very high voltage transformer. Оп either side of the barrier was 
a small hole the size of a lead pencil, while the interior was carbonised 
and eaten away so that there was a hole in which it was possible 
to bury the hand. Evidently carbonisation had been going gn in the 
interior of the barrier where the heat was greatest for a long time, 
until finally the whole barrier became so weakened that it was pierced 
by the voltage. | 

То my mind, the object of ап insulation test is to show that the 
insulation of the apparatus is in such condition that it will not break 
down under actual service conditions. The majority of apparatus on 
which the insulation fails does not break down because the voltage 
i» increased by 50 per cent. for a long time, but because it is subjected 
momentarily to a very high voltage, such as may occur on a trans- 
mission line. when there is a lightning discharge near it, when the 
circuit is grounded or when switching is done. 

A long-time test at low voltage is not the proper one for testing 
the dielectric strength of air or of oil, or of creeping distance, and 
when instantaneous high voltages are thrown upon electrical apparatus 
it is usually a discharge through air, through oil, or over the surface 
that breaks down the machine. 

In testing the dielectric, we should endeavour to give the machine 
the same sort of shock that it is liable to receive in service, and this 
is not accomplished by putting оп 50 per cent. excess voltage and 
keeping it on for half an hour. We should put on a higher voltage 
for a very much shorter time. I believe that an instantaneous test 
at double voltage will be more valuable as a test and more satisfactory 
to manufacturer and customer than a thirty-minute test at 50 per cent. 
above normal voltage. 

Regarding tests of temperature by increase in resistance measure- 
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ments, I think that a method should be adopted by the Standards 
Committee for calculating temperatures from increase in resistance 
measurements. At the present time there is no standard method of 
making these measurements. Some manufacturers use the coefficient 
оға per cent. and make no allowances for different room temperatures. 
Other manufacturers use a different coefficient and make certain 
allowances for room temperatures. Others reduce all temperatures 
to zero, and make various corrections and allowances. I hope that 
the method which is adopted will be a very simple one, as I believe 
that for all ordinary testing work, where mathematical accuracy cannot 
be obtained, a simple formula, though not absolutely correct, will 
prove more satisfactory than a complicated one which gives results 


to the third decimal place, when in commercial practice readings will 


not be taken beyond the first or second decimal place. 

I agree with the statement on page 48 that temperatures should 
be taken after stationary values have been reached, and not at the 
end of a fixed period of time, unless this period be of sufficient length 
to permit the apparatus to reach its maximum temperature. Apparatus 
may be very hcavy, but very poorly ventilated. After a six-hour 
run, such apparatus will probably not have reached anything like its 
maximum temperature, and a six-hour test would not be a fair one for 
such apparatus. 

On page 49 certain curves are given of oil-insulated transformers. 
I have nfade a large number of tests of oil transformers, but I have 
never before seen an accurate curve which had a hump in it at the end 
of four hours. The temperature curve should be a perfectly smooth 
one. It is well known that wide differences in temperature are 
obtained at different oil levels, as shown in the curve, but it seems 
remarkable to me that the oil at the bottom of the case should remain 
cold for so long a time. 

There is much truth in what the author says on pages 49 and 50 
about operating temperatures, but I think he will have great difficulty 
in persuading a customer that a picce of apparatus with 60° rise will 
have as long a life as another with 35° rise. 

On pages 51 and 52 refcrence is made to the testing of alternators 
by measuring the losses on samples of the material. I do not think 
any one has ever claimed that this is a mathematically exact way of 
measuring the losses, but with large alternators which are never 
erected in the manufacturer's works, but arc built up in the power- 
house with the engine, it seems about the only way to obtain the 
losses. If the author has any better way to suggest, I should be glad 
to hear of it. It seems to me reasonable to suppose that an engineer 
who is calculating machines every day, and obtaining results of 
measurements on completed machines, should be in a position to 
predetermine the losses in a large machine when he knows the exact 
quality of the material of which the machine is made. 

Mr. E. Н. RAYNER: I think a paper which deals with the various 
points in electrical testing is one that ought to come periodically before 
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an institution of this sort as progress goes on. A chain is no stronger 
than its weakest link, and Professor Epstein has given us the methods 
of finding out the weakness of each length іп the completed machine. 
I will, therefore, simply confine my remarks to those points on which 
I have had some little experience, and those also on which I hope to 
have some experience in the future. I will first of all refer to 
page 38, on which Professor Epstein deals with the piercing tests, and 
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on which also he says that, by increasing the size of the electrode, he 
gets a reduction of nearly 50 per cent. in the piercing voltage, and also 
by means of capacity in parallel. I should very much like to have 
some further details of that, because it is a matter in which I am 
specially interested. Has the author measurcd the voltage on the high- 
tension. side of his transformer, or has he assumed the transformer 
ratio? That is a very important point. If he has measured the high- 
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tension voltage, then this great reduction in voltage of something of 
the order of 50 per cent., simply by putting a condenser in parallel, is 
a very serious matter. Something must happen. If he measures the 
high-tension voltage, it must be due to the immense change of wavc- 
form of the machine. At the bottom of page 38, Professor Epstein 
says he fills the tubes with rods. Are they solid rods, such as are used 
in induction motors, or small rods? It may make some difference to 
the piercing voltage. Then in Fig. 8 the author gives two samples, 
A and B, but he gives no reason, or no substantial reason, why 
sample А should differ from sample B. Is it because there is more 
adhesive material in it, or because it is not so well dried out? Such 
matters are of great interest to those who have to do testing. On 
page 39 the author mentions that the thickness of insulation which he 
uses for mechanical reasons up to a voltage of 10,000, is sufficient to 
prevent the production of oxides of nitrogen, so that he is on the safe 
side. This formation of oxide of nitrogen, therefore, is presumably 
produced by a certain dielectric potential gradient, and that potential 
gradient it would be very interesting to know. He makes no mention 
of the order of that potential gradient—whether it is 5,000 or 10,000 
volts per millimetre. On page 43 he refers to a question which is 
at present of great interest to us—the question of the fatigue of 
material under prolonged stress at something under breakdown point. 
I imagine Professor Epstein to mean that the application produces 
damage which is really visible—that there is no mysterious internal 
weakness which cannot be distinguished on any machine, but that 
such damage as may be done by a long test is really visible, and may 
occur in such a form that the insulation will break down later on. Then 
as to field-coil temperatures, the author's work naturally follows, or 
rather, I believe, precedes, my own in that direction ; and I take this 
opportunity of bringing before the Institution some further work of my 
own, which follows on the paper I read two years ago. 

The diagram (Fig. A)represents some tests on six different field coils 
of the same shape. "There are six varicties of finish. Coils т, 2, 5, 4 
were on sheet-metal formers insulated from them by two thicknesses 
of press-spahn, except No. 4, in which thinner insulation was used. 

The first coil was wound with the cotton-covered wire without 
further protection. The second was exactly the same, only it was 
thoroughly impregnated with white enamel. This has produced a 
slightly lower temperature at the surface, and a considerably lower 
temperature gradient inside the coil. The third was identical with the 
first except that it had a layer of string round it as a mechanical pro- 
tection. Coils 1, 2, 3, 5 had practically the same resistance when cold. 
The difference in the watts is due to difference in resistance as the 
coils attained different temperatures, all being run in series. They 
were filled with cotton waste to simulate running conditions as nearly 
as possible. Coil No. д was made by a different firm and had a lower 
initial resistance. On being run in series with the others 30'5 watts 
were used. А larger current was put through it to obtain as nearly as 
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possible the same wattage as No. 1. This gave the upper curve іп the 
diagram. This coil was impregnated with brown varnish, and though 
the winding took more space, “ bulging " considerably at the sides of 
the coil, it shows a flatter temperature curve inside the coil than No. т. 

Coil No. 5 was identical with No. т, except that no former was used. 
The greater temperature rise is due partly to two external layers of un- 
varnished tape, $-lap ; and perhaps more to the absence of the metal 
former which has very considerable effect in abstracting the heat from 
the core side of the coil and conveying it to the flanges where it is 
radiated away. This is confirmed by the fact that the vertex of the 
curve is very much nearer the inner surface of the coil than in the case 
of the other coils. 

Coil No. 6 was identical with No. 1, except that a larger number of 
lavers of a thinner wire were put on it. It shows a slightly higher 
temperature when run at a slightly lower wattage. 

There is an interesting point as regards these curves. The author 
remarks іп his paper that it is no use attempting to calculate the 
conductivities of a coil from a known value of cotton, copper, and so on. 

If, however, we take coils т, 5, 5, and calculate from the curves, 
which тау be assumed to be parabolas,* and also assuming that the 
heat travels radially outwards, а sort of mcan conductivity, А, may be 
obtained. 

Now this А comes out in the case of the three coils mentioned, whose 
curves are somewhat different due to surface conditions, as 070258, 
00057, 070059. Тһе problem may of course be inverted, and having 
found the constant for a coil of certain size, we may at once find the 
internal temperature curve for a similar coil with different covering or 
other variation if we know the surface temperature and the watts 
expended іп it. 


ж" УЕ { ; Watts | Watts per 
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Ж аге... ees Еў | 350 | 0140 | 00210 

2, Whiteenamel... —... 337 | 0134 | 00208 

3 String ... Vus eas 351 | О140 | 00217 

ы юізуез | 

4 | Brown 0'058 in. 345 | 0137 | 00213 

+ Varnish E Е 305 | o'I21 | 00188 
| 

3 |Two layers unvar- | 
| nished tape M 365 | 0145 | 00225 

6 | Bare ... -—- ...138 layers o"032in.| 345 | 0'137 | 00213 


* Rud. Goldschmidt. Discussion. S ournal 1.Е.Е., 1905, vol. 34, pp. 711-719. 
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moet Mean Maximum 
Temperature| Maximum 
Coil, | Watts рег | Watts per js сагал. Temperature Temperature 


cub, in. cub. cm. M apenas 
Thermometer.| Temperature.| Resistance. Temperaturc.| 


0'208 0'0127 397 522 450 23 


0'201 0'0123 365 434 390 44 
0'210 070128 354 : Á бо 
0'205 0'0125 355 | : `9 
0'182 O'OIII 325 
07217 070133 4470 


0'205 0'0125 


сіз 28 ce P. $5 
Coil Д 3c ЕЕ a;? k РЕЗ 2 as 
ТҰЗ 688 | 5% 
кни | 52 = = „O 
= 
їпз Degs 
I 135 0°87 0'76 0'0058 274 o'0066 
2 6:2 0'92 0'85 070138 255 0'0073 
3 1375 o'86 0'74 0'0057 29'3 0'0062 
4 97 0"86 0'74 00078 2671 0'0068 
4 77 0°85 0°72 0'0084 23'1 0'0068 
5 21°3 1°08 I'16 0'0059 355 0'0006 
6 150 090 о'81 0°0055 27:6 0‘0067 
i23 a? 
k — watts per cubic inch x У) 
а EH, d 
Huc E 


Volume of winding 168 cub. in. = 2,760 cub. cm. External area, 
including flanges, 251 sq. іп. = 1,620 sq. ст. Thickness of winding, 
I'5 in. 

Professor Epstein mentioned that the temperature of armature coils 
is sufficiently measured by a thermometer on the surface. I had some 
time ago to measure the surface temperature of half a dozen ог зо 
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dynamos round London of various types, including turbines, and I can 
quite confirm that. By the time a machine is stopped the surface 
temperature is practically the same as the inside, or rather the inside 
is the same as the outside. I found by means of thermo-junctions that 
in some cases there was a slight increase on the surface if there are 
ventilating ducts. The heated air comes up through the ventilating 
ducts, tending to heat the outside and abstract the heat from the inside 
on the way. On page 49 the curve with regard to the transformer is 
gven. You will notice that Professor Epstein got tired, I suppose, 
after eighteen hours' testing of the transformer. І һауе had several to 
do in the same way. Not only did I use the oil temperatures, but I put 
about fifteen thermo-couples into each transformer, and measured the 
temperatures right through them. I know it is rather a tiring job. I 
could not sit up for more than eighteen hours, so I had to put up the 
load during the night, and so got the steady state by the morning. Idid 
attempt on one occasion to do that curve quite correctly, keeping the load 
steady, but it is rather too heavy a piece of work. You must have two 
or three people to do it, because a small change of a half per cent. in 
the current is quite sufficient to put the temperature up or down when 
vou get near the steady state. With regard to my own work on trans- 
formers, I did some with air and some with oil. Those without oil 
gave quite interesting curves, being very much hotter at the top than 
te bottom, as one would expect. It would by no means show the 
highest temperature reached in ап air transformer if one took the 
temperature rise simply by resistance, the bottom being much colder 
and the top much hotter than the mean. 

Mr. S. EvERSHED: When I first read this interesting paper it 
occurred to me that perhaps there was hardly anything in it which an 
instrument maker ought to be allowed to discuss, because I noticed 
that the title was “Тһе Testing of Electric Machinery and of Materials 
for its Construction." I do not know whether instruments can pro- 
perly be called machinery ; but, in the absence of the manufacturers 
of heavy machinery, perhaps I may be allowed to put a few points 
before you, particularly with regard to the testing of materials so far 
as it affects the manufacture of instruments. I confess to envying Pro- 
fessor Epstein rather the work which he has undertaken. Had he been 
an instrument maker his paper would possibly have been five times the 
length, because the number of tests which an instrument maker ought 
to carry out, in order to manufacture good electrical instruments, is 
something like five or ten times the number which are required in 
making heavy plant. In Fig. 1 of the paper I notice, for example, 
some curves giving the errors іп the diameter of copper wires. Those 
departures from standard sizes may amount to two or three mils. The 
instrument maker has to work with wires and other things which have 
dimensions measured in mils. or even fractions of a mil. What is an 
almost inappreciable error to the dynamo maker is the whole dimension 
to an instrument maker. Moreover, when he has measured those wires 
hc has not done half his tests. Hc has to find out whether the wire is 
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magnetic, and when he has found out whether it is magnetic or not— 
and it usually is so—he has to puzzle his brains to find out how to 
make wire which is non-magnetic. I need not say the wire manufac- 
turers will not do it for him. The wire becomes magnetic in being 
drawn through steel plates, and it must afterwards be made non- 
magnetic, and at present no satisfactory method has been discovered 
for doing that. Again, when a dynamo maker starts to make a dynamo, 
he has a shaft to turn of a considerable size, and consequently һс can 
put a heavy cut on it when it is in the lathe. He can easily put on a 
heavy cut, and still get the diameter correct within a few thousandths 
of an inch. But an instrument maker has to turn an axle of the 
minutest size, and it has to be equally correct in its percentage 
accuracy. ‘Think of the difficulty of doing that with an axle perhaps 
one-eighth of an inch in diameter. It is not strong enough to stand 
up to the tool when you are turning it. You approach the best-known 
tool makers in England, or in the world, and they immediately guarantee 
to supply a lathe which will turn your axle within one-thousandth of 
an inch, or less. You give the order, and they promise to deliver 
the lathe next week. "They take a усаг, and then they write and say 
they cannot do it. At the end of that time, if you are an instrument 
maker, you have to find out how to do it for yourself. Іп short, we 
get into difficulties from the extreme smallness of the things we are 
making. ‘Take, for instance, insulation; we get into unimaginable 
difficulties owing to the extremely small space there is inside an instru- 
ment for insulating against high voltage. "That would not matter if 
we were lcft a free hand to design instruments and make them as big 
as we might desire, but the consulting engineer generally tells the 
instrument maker what size an instrument is to be. Take a small 
dynamo, or a little motor for driving a sewing machine or something 
of that sort ; just think of the monstrous disproportion there is between 
the field coils and the work the armature is called upon to do. I am 
sometimes staggered when I work out the ampere-turns required to 
excite such a machine, and the weight of wire you have to put on it. 
All those difficulties vanish directly you make large dynamos, and I only 
wish I were in the enviable position of Professor Epstein. Now let 
me come to some points in the paper which do naturally appeal to 
instrument makers. Тһе first rclates to one of the most surprising 
things in the whole paper. The author gives us for the first time some 
tests of a new iron alloy, which has just about half the losses in 
hysteresis and eddy currents of any iron which has ever been produced 
before. І think that is a sufficiently remarkable discovery. Where it 
was discovered I do not know.* I do know that Messrs. Sankey, of 
Bilston, some time ago introduced an alloy of a very similar kind under 
the name of Stalloy. The two alloys, that which Professor Epstein 
mentions in his paper and that introduced by Messrs. Sankey, are so 
very similar that one cannot help suspecting that possibly thev are 

* Mw ignorance has been enlightened since making these remarks, but the 
hysteresis is still inextricably entangled with the eddy currents !—S.E. 
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identical. I have plotted Messrs. Sankey's curves on the top of Pro- 
fessor Epstein's curves, and they go very nearly one on top of the 
other. I notice that the two alloys have another property in common, 
and that is that noone appears to have separated the hvsteresis loss from 
the eddy-current loss, and hence any one who starts the design of a 
дупато or transformer with these curves before him, finds that he is com- 
pletely stumped at the very outset, because unless he chooses to work at 
à density of 10,000 and a frequency of so he cannot tell what the iron 
will do. I should like to ask Professor Epstein to add a curve 
connecting the hysteresis loss with density of induction. Then, if we 
knew the specific resistance of the material, we should be able to 
estimate the eddy-current losses, and thus get the total loss at any 
density and any frequency. Ц is fairly obvious from the curves that 
the greater part of the improvement brought about in this new alloy 
Is due to the increased specific resistance, which diminishes the eddy 
currents. 

In Fig. 8 the author gives particulars of some tests on mica tubes 
which have been referred to by other speakers. I only draw attention 
tothe point because there is a little indefiniteness as to the maximum 
voltage at which the tests were carried out. The paper states that 
there was a condenser in circuit and so on, and one infers that the tests 
were done with alternating current. But if they were, one would like 
t know whether the figures given refer to the maximum or to the 
elective pressure ? I quite agree with what the author says on page 
$t about the testing of the insulation. Mr. Peck referred to this subject, 
and 1 am glad to find myself in agrecment with him also. It does not 
matter very much how many megohms there are in the insulation, but 
it does matter very much indeed whether those megohms are going to 
remain constant or not. That is the reason for testing insulation. If you 
fnd that the insulation resistance keeps constant, you may be certain 
the insulating material is trustworthy. If you find that, from day 
to дау, the insulation resistance falls, you may be perfectly certain that 
you will have a breakdown if you do not do something to stop it. As 
to the detection of moisture which Mr. Peck referred to, it is quite 
true that in most insulations the breakdown occurs through moisture 
getting in, and it is for that reason I have devoted a great many years 
of my life to making an instrument which detects moisture in insulators 
without the slightest risk of breaking them down. One word as regards 
the risk of damage to insulation by subjecting it to much higher tests 
tan the working voltage. I think the analogy with the tests made 
м engineering practice, the tests on bridges for example, is rather a 
false one. When a railway bridge has been built, half а dozen 
locomotives are put on it for the purpose of seeing how much it 
dczcts, The deflection and the permanent set having been noted, 
one is able to state positively that the bridge will stand the working 
load without апу risk of a permanent alteration in the structure. 
But do we know that definitely with reference to any insulator ? 
1 do not think it can be said we do. It appears to me that, when you 
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subject an insulator, which is probably of the nature of an electrolyte, 
to a high pressure, then you may do some permanent injury to it ; you 
may partially decompose it—I do not mean decomposition due to 
brush discharges, but some sort of electrolytic decomposition may be 
started. The longer you maintain the high pressure the more damage 
will be done. I do not say positively it is so, but it seems to me it would 
be very rash in the present state of our knowledge to assert it is not so, 
and that extra high pressure tests do no harm. 

Mr. V. A. FYNN : I think Professor Epstein has given us a very good 
insight into part of the difficulties which face the designer. Naturally 
his paper only refers to опе part as its title implies. Ithink we ought 
to do all we can to help the designer ; and this could be done to a 
greater extent than itis in the specifications prepared by those who use 
machinery or who advise the purchasers of machinery. In perusing 
this paper, one comes to the conclusion that the designer can hardly 
hope to be successful in every case unless he has absolute knowledge 
of the conditions under which the particular machine is going to work. 
Those conditions should, I think, be included more freely in the speci- 
fications which are issued and would advantageously take the place of a 
good deal of irrelevant matter still to be found in many of them. I 
should like to ask Professor Epstein whether he has had any experience 
with the apparatus devised by Dr. Drysdale for testing steel castings. 
As far as I can make out, it is a very convenient method, and perhaps 
superior to the yoke method which Professor Epstein mentions. As 
regards the method of ascertaining the efficiency of dynamos, the 
method proposed by Professor Epstein is one of the oldest known, 
and, I should think, will do very well in the case of a good machine ; but 
from the point of view of either the consulting engineer or the con- 
sumer, it is not of so much importance to know whether the 
manufacturer has succeeded in calculating his iron losses, or guessing 
at them pretty correctly, but it is the over-all efficiency which is 
important. Probably the greater majority of firms nowadays make 
a very reliable machine, but we ought to have a method of some kind 
by which the losses in а bad machine can always be discovered. The 
method advocated by the author would not include a good many losses 
which would occur in bad machines; for instance, machines which 
commutate badly, although they may not spark at first. For that 
reason, I think, whenever possible, one ought to make an охег-аП 
efficiency test. It would, I think, be very difficult to improve on the 
German regulations for temperature rise or the methods of ascertaining 
it I know of a great many excellent machines which have been 
running for years with a total temperature of between 90° and 100°C., 
and they are now as reliable as ever. "Thanks to the courtesy of Mr. 
C. Е. L. Brown, I can quote the case of two 100- B.H.P. 2-phase 2,000- 
volts 500-revs. induction motors which I put down for him in 1894. 
These machines are in daily operation, and their total temperature 
(as ascertained by a thermometer !) varies between about 100? and 
110°C. These machines have never given the slightest trouble to this 
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day although they have been moved. This shows that the German 
temperature limits may even be exceeded when the machine is other- 
wise well designed. I would not, however, advocate this ; I think that 
the German regulations are most reasonable in every way. 

Mr. А. CAMPBELL : On pages 33-35 Professor Epstein describes the 
wattmeter method of measuring the “figure of loss" in iron sheets, 
which is much used in Germany and to some extent also in this 
country. It is well to remember that when this method is used for 
purposes of accuracy the following difficulty arises. Тһе measurc- 
ments are made at a definite value of the flux-density B (e.g., 10,000); 
and this must be the maximum В and not the effective or “root mean 
square" В for the wave-form used. The maximum В is determined by 
observing the voltage induced in the primary or secondary winding on 
the iron; but, as the voltmeter shows the effective and not the mean 
value of this induced voltage, we require to know also the form factor. 
To determine this an oscillograph or a synchronous commutator of 
some kind must be used, for we may make considerable errors by 
assuming the wave-form to be a sine curve. 

Mr. J. T. IRwiN : I wish to refer to a method of analysing out the 
various losses that occur in electrical machinery, more especially to 
those that occur in ordinary continuous-current machines, so that one 
may be able to judge accurately whether measuring efficiency by the 
Swinburne method will give a result which is consistent with the 
efhciency measured by the ordinary brake test. То do that one wants 
to find out how the losses are made up, whether the iron losses аге 
relatively important, or the copper losses. There are a number of 
methods of analysing out the losses in а machine—for instance, the 
method of running from a calibrated machine, and measuring the 
additional losses when one couples up the machine to be tested. The 
great difficulty in that case is that one must be very careful 
completely to demagnetise the machine about to be tested before 
making a friction test on it, because although one might think 
that the armature was demagnetised completely so that there was no 
voltage across the brushes in the normal position, yet on twisting 
round the brushes into some other position one may find not a large 
voltage, but still a voltage which would produce a certain amount of 
hysteresis and eddy-current loss commensurate with the friction to 
be measured. To get rid of that and to form a simpler method I 
produced this plan (see next page). 

If one puts an absolutely constant current on the ficld magnets, 
and (taking the case of а direct-current machine) varies the voltage 
actoss the armature, plotting the back E.M.F. against the current 
supplied to the armature, one gets a number of points which lie on a 
straight line as shown on the diagram. ‘That is well known; I have 
had a number of tests made to prove that that is so, and it is also 
well known from other tests that have been carried out. If this line is 
Produced it gives at zero E.M.F. the current that is required to drive 
the armature round against the torque that is independent of tbe 
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speed, іп other words, the friction and hysteresis torque. Тһе increase 
of current is due to the losses that produce an increase of torque with 
increase of speed—in other words, the windage losses, the eddy-current 
losses, and perhaps an increase of the mechanical friction with {һе 
speed. 

Suppose one takes a definite speed, S, corresponding to an 
E.M.F.— V, the area W, will represent the energy spent at that 
speed due to the hysteresis and friction losses. Тһе area, which I will 
call W, will represent the energy spent in turning the armature round 
against the eddy-current and windage losses. То separate out the 
portion W, into two, hysteresis and friction, one puts a different 
exciting current on the field, making the difference as much as 
possible in the two cases. 

One gets a second curve, as shown in the second portion of the 
diagram. Supposing, in the second case, the field is weaker ; then, 
to get the same speed S, a smaller E.M.F. is required across the 
armature. W, will now represent the energy spent in hysteresis 
and mechanical friction. The mechanical friction at the same speed 
will be the same in both cases. Therefore one gets— 

W, = K, S + K, S V,” 
Mechanical Hysteresis. 


Friction. 
and— 


W.=K,S + K,SV.'*, 
since the hysteresis loss varies directly as the speed and as the r'ó power 
of the induction, and the induction is proportional to the Е.М.Е. ata 
definite speed. Subtracting, one gets rid of K,S, and can get at once 
K, and can solve for К, in the equations. The value of K,, multiplied 

by the speed, gives the mechanical friction at any speed. 
Similarly it is possible to separate out the eddy-current losses, 
W, = K,S*° + К, 5° У,? 
Windage. Eddy Current 


JSS. 


W =K SF + GEV 
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One can easily get rid of the windage term by subtracting and 
getting an equation for К. and can therefore get the value of K, 
That gives all the constants which will determine the losses in the 
machine in a very simple manner. К, may not be due to windage 
alone, but may depend on increase of the mechanical friction with 
the speed. The brush friction may be separated from the bearing 
friction by raising a number of the brushes and observing the decrease 
in driving current. 

Dr. бізвект КАРР (communicated): Last September I had the 
advantage of making some tests with the author's apparatus (Fig. 4) 
in his laboratory at Frankfurt, and found for “alloyed iron” values 
lor the figure of loss, which agree fairly well with the dotted curve 
in Fig. 6. I then ordered a quantity of this material from the same 
maker, and a sample was analysed by Professor Turner in the Metal- 
lurgical Department of the University of Birmingham. As it may 
interest members to know the composition I give here Professor 
Turner's figures :— 


Carbon ... sie ios К ...  о'оз per cent. 
Silicon... cor X jk же AWO x 
Sulphur ... = un -— 53% - OTOL: > 
Phosphorus  ... гә: es ... OO! s 
Manganese ss га jus іш 332. 0x 
Iron (by difference)... m as 300202) 7% 


The curves of iron losses given in Fig. 16 are not directly сот- 
Parable, because some refer to the loss found in testing samples, and 
etners (notably the author's and Hobart's curve) refer to the loss 
occurring in the finished machine. We all know that additional losses 
Әке place in the machine under load, and the only question is how 
this addition shall be estimated. Some engineers calculate the losses 
on the basis of the loss found in the laboratory test, and then make 
an addition to the calculated loss to allow for distortion of the field, 
unequal distribution of lines, and curving of lines; other engineers 
acd a percentage to the laboratory figure and make then no further 
addition to the total calculated loss. The author seems to favour the 
latter method, but then he ought not to have put my curve, to which 
no addition has been made, into the same diagram with his curve to 
which the addition has been made. For the same reason Fig. 17 
ly also misleading, for my curve has been applied without correction. 
Allowing for the difference in frequency, the full curve in Fig. 6 agrees 
almost exactly with my curve in Fig. 16. Yet it would be wrong 
to use either curve without correction. Тһе only question is as to the 
correcting factor. I have found that an addition of 50 per cent. to 
the loss as calculated from the sample is a fair average апа 100 рег 
cent. an outside figure, whereas the author's curve shows additional 
losses of about 300 per cent. It would be instructive to have the 

VoL. 88, 6 


Mr. Irwin. 


Dr. Kapp. 


Ог. Карр. 


Мг. 
Mordey. 


80 EPSTEIN: TESTING OF ELECTRIC MACHINERY (ес. 6th, 


author's explanation for this enormous discrepancy between his curve 
in Fig. 6 and his curve in Fig. 16. 

On page 48 the author recommends the thermometer for testing 
the temperature rise of an armature, and says that resistance tests, 
especially in the case of series-parallel armatures, are complicated and 
inaccurate. I have found the contrary. The thermometer is a very 
misleading instrument. On the other hand, there is no difficulty in 
measuring percentage increase of resistance by a potentiometric 
method, even in the case of scries-parallel windings. А known current 
is sent through the armature and the voltage drop is measured. It is, 
of course, not permissible to measure the drop over the brushes, 
because the uncertainty of the contact resistance of the brush contacts 
would vitiate the result; ncither is it permissible to leave all the 
brushes on, since the different brushes may have different contact- 
resistances, so that the current may not equally divide between the 
parallel armature circuits. These difficulties can, however, be elimi- 
nated in a very simple way. We need only slip paper under all the 
brushes except one positive and one negative brush, take out on 
those brush spindles one positive and one negative carbon, and set 
the potential points in their places on to the commutator. Тһе drop 
of potential between these two points can then be measured by a 
millivoltmeter, or, better still, by a potentiometer. If this test be made 
in the same way before and after the run, the ratio between the two 
readings is the ratio. between the armature resistances before and 
after the run. Since we are only concerned with a percentage increase 
of resistance we need not trouble about determining the absolute value 
of the resistance, but cven this can be found for a lap-wound armature 
іп a very simple manner. И the apparent resistance as measured by 
the potentiometer in the manner above described be unity, then the 
real resistance of the whole armature is } for a 4-pole, } for a 6-pole, 
3 for an 8- pole machine, and so on. 

On page 57 the author recommends a millivoltmeter for measuring 
the slip. И such an instrument be not at hand, an ordinary pocket 
compass may be used. It is only necessary to hold it near one of the 
leads connecting the slip-rings with the starting resistance and to 
count the oscillations of the needle in a given time. With the usual 
frequency of 50 this method is easily applied up to 4 or рег cent. 
slip. 

Mr. W. M. MoRDEY (communicated) : The new iron alloys referred 
to by the author are of very great importance. "The credit of these 
alloys belongs to England. They were made and their properties 
discovered by Hadfield and Barrett. А great deal of work has been 
done on them during the last few years to obtain uniformity and to 
get the best results. These further improvements have been effected 
by Hadfield and Sankey, who have for some time been supplying this 
material under the name of *Stalloy." As І have had to do with this 
material in an advisory way, I may perhaps supplement the author's 
brief reference to it. His Fig. 6 is very striking, but still more 
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striking are the curves for different thicknesses. As compared with the 
best transformer iron the “Stalloy” curve is unexpectedly flat. It is 
nearly а straight line, rising very slowly. Тһе practical importance 
of this is, of course, very great, as it follows that lamination need not 
be carricd down to anything like the degree necessary with ordinary 
magnetic iron. Опе or two figures may be given to illustrate this. 
First, for the same thickness: at a thickness of 0024 in., the total 
energy loss in the new material is less than onc-half what it is in the 
best obtainable iron. Second, for the same loss: ordinary practice 
isto use iron sheets of o'o14 in. thick. Тһе new material of о'о in. 
thick gives about the same loss as the o'or4 iron. Both illustrations 
аге at 10,000 B, 50 см. 

The results given in the author's Fig. 3 for permeability are much 
worse than ours here, for thc new material, especially in the lower 
part of the curve. 

It is interesting that this new material should have been produced 
just when it is wanted for new developments of alternate-current work, 
such as in the construction of laminated alternate-current motors. 
The effect on transformer design will also be very marked, a gain of 
50 per cent. or more in output resulting from its use. This is on the 
assumption that the magnetising loss and the maximum temperature 
are kept the same for a given size transformer. 

I am interested to learn that our German brethren are now adopting 
English practice in many electrical matters. An exchange of ideas 
and information on this subject cannot fail to be усгу useful in 
removing some common misconceptions as to the relative position 
of the two countries. On the question of iron testing the author refers 
to the “ modern and better practice " of measuring the total energy loss 
in iron and not merely the hysteresis. That has been the recognised 
method in this country for at least sixteen years, and for a similar 
Period we have made usc of the plan referred to by the author 
of testing iron on delivery for total loss and not waiting until it got 
into the machine. We went further than that sixteen years ago by 
fixing standard conditions for testing iron, namely, 2,500 B, бо (чо, 
0'014 in. thick, watts per pound, 0°38, and paying under a bonus and 
penalty arrangement above or below the fixed price according to the 
results of the wattmeter test for total energy loss. 

The author refers more than once to the Steinmetz coefficient and 
the Steinmetz law of the hysteresis being = B'$. It may interest him 
to know that the total energy loss also follows a B'* curve. 


Мг. H. H. BROUGHTON (communicated) : I should like to ask Professor м 


Epstein if he has noticed in any of his experiments on insulating 
materials any signs of dielectric fatigue with age. Тһе constant break- 
down of high-tension plant designed with ample factors of safety with- 
out apparently any cause leads one to believe that insulating materials 
are liable to become fatigued. I would suggest that an engincer 
with apparatus at his disposal should verify this, taking а series of 
specimens and heating them by applying the normal voltage; then 
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allowing them to cool, and re-heating continually for several weeks ог 
months, breaking down specimens each week, and noting if the 
dielectric strength diminishes under this treatment. 

Мг. Е. CREEDY (communicated): In connection with Professor 
Epstein's remarks on the calculation of the losses in dynamo-electric 
machines, I think it may be of interest to put before the Institution 
certain methods for the calculation of the losses which I have found 
useful in designing induction motors. I recently had occasion to calcu- 
late a batch of induction motors, containing nearly fifty designs, and I 
found it very difficult to ascertain in a simple manner the precise 
effect on the characteristics of the motor of a change in the general 
proportions, say, for instance, a change in the ratio of diameter to 
core length. One may ascertain 4° / by means of output coefficient 
formulz, etc., but there seems to be no recognised means of pro- 
ceeding further, except that of trial and error, which becomes in- 
sufferably tedious when dealing with such large masses of calculation. 
The simplest way out of the difficulty seemed to be to work out from 
the first principles of the magnetic circuit a few formulz, expressing 
the iron and copper losses in terms of the fundamental dimensions 
of the machine, i.e, the pole pitch, core length, etc. These come 
out in a surprisingly simple form, as is usually the case in formulae 
derived from first principles. 


I obtained— 
Iron losses = 044 X 10 ^? x V, (k Ly + ут.) 


and— 


K VA а 
JV. S y 


Copper losses — 416 


The significance of the various symbols is (all dimensions in cms.) : — 


K.V.A. = R.M.S. kilovoltamperes input. 


№. == max. magn. current per phase x max. volts per phase/ 
сашу. air-gap. 

L, == tooth length. 

Y = pole pitch at gap/4 x core depth. 

k, = Tooth pitch/tooth width (mean). 

г: z pole pitch taken at the mean diameter of соге. 

А == R.M.S. current density in stator. 

А, = R.M.S. current density in rotor. 

S — synchronous speed (rev. per min.). 

a = length of mean turn/perimeter of square of same area 


as pole. 


= (оз we + 0°75 4. if r = pole pitch at air-gap, 


and А = gross core length. 
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ais clearly a function of Х/т alone, so the most convenient way to Mr. Creedy. 
ascertain it when this ratio is given, or the converse, is to plot a curve 
between a апа A/r, which may be done once and for all, and then use 
lle curve for reference. 
The most striking feature of these formulae is that the iron losses 
ше absolutely independent of the core length, while the copper 
losses depend only on the ratio of the core length to the pole pitch. 
Оп relection the cause of this is clear. If the core length were, 
му, doubled, and И we wish to retain the same magnetising volt- 


amperes, the flux must only be increased 4/2 times. The density 


will then be reduced Js times, and hence if the turns per pole do 
2 


hot vary, {һе magnetising current will be reduced to Re times its 
former value. But the volts will now have been raised ,/2 times, 
and hence the magnetising volt-amperes will be the same as before. 
lf the fux had been increased by more than this ratio, the volt- 
amperes would have increased, if by less, they would have diminished. 
But if the quantity of iron is doubled, and the density reduced to 


V? times its former value, the iron losses will be unaltered if we 
assume that they аге on the average proportional to the square 
of the density. The reasons for this assumption are given below. 

Again the iron losses are independent of the frequency, if the 
nagnetising volt -amperes are kept constant. If the frequency is 


doubled and the flux density reduced to J times its former value, 
it will easily be seen that the magnetising volt-amperes are the same as 
before. But the losses are not halved as they would have been in the 
former case, but on account of the doubled frequency they are the 
same as before. Thus we see that the “magnetising volt-amperes 
per cm. of equivalent air-gap” form a true measure of the iron 
losses. With the aid of these formulæ (and also an estimate of the 
friction losses) one can predetermine the efficiency and heating of 
a design of given proportions without any difficulty. For instance, 
‘uppose it is required to design a machine whose efficiency is speci- 
hed at half and quarter load as well as at full-load, The magnctising 
current is readily predetermined from the power-factor or overload 
Capacity which it is desired to attain. Hence we know the mag- 
netising volt-amperes. It is easy to determine what must be the 
relative proportions of the variable and constant losses in order to 
obtain the required efficiencies. Having ascertained this, we may 
determine the pole pitch, core depth, etc., from the iron loss formula, 
beating in mind at the same time the requirements with regard to 
leakage, and then the core length from the copper loss formula. 
Other uses of these formulz will suggest themselves to any designer. 


It Мау, perhaps, be of interest if I give the derivation of these 
formule, 
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DERIVATION. OF THE FORMUL.E FOR IRON AND COPPER LOSSES 
IN AN INDUCTION MOTOR. 
Besides the symbols already given,'we shall require the following :— 
В, = тах. gap density, 8, = max. core density. 
p; == “ Figure of loss” of thc iron per c.c. reduced to unit frequency 


and unit induction. 
pe = resistivity of copper. 
В = reluctance of a magnetic circuit. 
— resistance of an electric circuit. 
— turns per pole. 
= maximum magnetising current. 
= maximum counter E.M.F. 
= maximum flux in webers (1 weber = 10% lines). 
= current density in copper. 
уа = area of a magnetic or an electric circuit. 
1 = length of same. 
= permeability of iron (if the flux is in webers, the permeability of 
air may conveniently be taken as 1075), 
= full load current (R.M.S.). 
== number of poles. 
— frequency. 
— ratio of effective area of bore to total area. 


The simplest method of deducing the required formula is to take 
advautage of the very close analogy between the electric and magnetic 
circuits. For alternating fluxes this may be extended to cover Joule's 
law as well as Ohm's law. То make the analogy evident I set out the 
equations of the two in parallel columns. 


гч 


шо 


› 


"эч a 


Magnetic Circuit. Electric Circuit. 
We assume— 
Watts lost per c.c. = р; 3/7 . (1) Watts lost per с.с. = p, 4° . (1а) 


Total watts lost Total watts lost 
= vol. of iron X p,(3? f. (2) = vol. of Cu хр A?. (2a) 
ex2nrfTM . . (3) ешағ... (за) 
„ету КМ. 
„Т f= 
"uM NET, жасы (4а) 
Substituting from (4) in (3)— 
1,6==2т} МК. . (5) (c-r. . . (ба) 
М: = 8А? . . . (0) C= Да. . . (ба) 
L € 
BECHER ы жов. АЛ) бт .. . (7a) 
Substituting— 
е=2п/р 3° X AL. (8) сес= р. A xal . (8a) 
ic 2 пр X vol.of iron x (jf. (9) вс =p. X vol. of Cu x A? (ga) 
Substituting from (2) in (9)— 


сх с: = total watts lost . (10) vé = total watts lost (тоа) 
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It should be noted here that the above equations implicitly assume 
that both the magnetic circuit and the electric circuit are of constant 
cros» section and of constant resistivity or permeability at all parts. 

Let us now introduce the assumption which is characteristic of the 
induction motor, viz., that the whole reluctance is concentrated in an 
аг-рар slightly augmented to take account of the reluctance of the rest 
of the magnetic circuit. Let us also assume that the effective arca of 
the bore is є times the total area and that p = 1077, 

We now have as before— 


t 6€—272f/ М: К M o o o č ù č œ . (5) 
and— 


M = (®) gea ‚........ (6b) 
for the lux is now supposed to be sinusoidally distributed. 
à X 10% 
Rz-—--— ........ 05 
Hence— 
_ 8 газ, ò 8 
te= -J Be А-х 108. 
But, as before— 
Losses = p; 8° f X AL (2) Е С. 
Hence substituting— 


tef y Pitot агаа (11) 
б 2т 


Losses = L 


The effect of the slot-openings іп increasing the reluctance, which 
is expressed. by the factor e, is clearly equivalent to an increase of air- 
gap in the ratio r/e. Hence we may substitute— 


У. 


where V, = “magn. volt-amperes per cm. of equivalent gap," as 
defined above. 

Lastlv, if the cross section of the magnetic circuit during some 
portion of its length is reduced to А, times that at the air-gap it is clear 
that the density will be raised proportionally to p Since the losses 
рег cubic cm. are proportional to 3? they will be raised proportionally 
to s But since the volume of the iron has been reduced &,-fold the 
total losses will only be raised proportionally to E 


Hence finally: If the area of any length of a magnetic circuit be 
k, times the corresponding gap area the losses in that length will be— 


L 
Losses = — V, Pt ioe, 
А, '2m- 
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Мг. Creedy, Now, if we neglect for the present the iron losses in the rotor the 
magnetic circuit of the induction motor may be divided into two 
portions—the tectb, and the core behind them. 

In the case of the teeth we have— 


I tooth pitch _ а 
k, tooth width У. 


In the case of the core we have— 


pole pitch. 


core density — core depth 


х avcrage gap density. 


| core depth 
bore area = ——.——.— xX arca of one pole. 
pole pitch 


This may be easily seen from a diagram. 
In this case, then— 


I _ / pole pitch ү соге depth _ _ pole pitch - 
( pole pitch ` 4-core depth’ 


k, Y — \2-core length 


In order to give results agreeing with the usual assumption that the 
core density is uniform throughout, I assume that the length of the 
magnetic circuit per pole is equal to the mean pole pitch taken at 
the centre of the core. 

Hence we get as above— 


Total iron losses = 1° pes ку. (5, Le + y 7) 107%. 


The factor гісіз intended to allow 15 per cent. for the rotor losses. 
Now if we write р; = 240,000 (it must be remembcred that В 15 in 
webers per sq. ст.) we get— 


Total iron losses == 0'44 X 107? V, (A, Li + y r.), 


as given above. 

It may be doubted whether the assumption that the losses are pro- 
portional to 3?f is legitimate. For instance, in some cases the losses 
are more nearly proportional to f?. И this is so we need only define 


V= 2 f to escape from the difficulty. 


I Fa a table of the losses per kg. taken from Professor Epstein's 
curve and those calculated from the nearest parabolic curve. It will be 
seen that the maximum deviation is not grcater than about 15 per cent. 
It is useless to attempt a higher degree of accuracy when the curves 
given by ditferent authors vary among themselves by 100 per cent. or 
more. Such an error will not cause a deviation of more than 1 per 
cent. in the total efficiency. 

It must be remembered, moreover, what is the principal object of 
this formula. It is to obtain a preliminary estimate of the efficiency, 
whereby the effect of different methods of dimensioning may be 
checked. 
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After the calculation is completed and В found, we may apply а 
correction to the formula by multiplying the iron losses so found by 
the ratio between those given by, say, Professor Epstein's curve, and 
those given Бу the formula at the same flux density. 

However, even if we assume— 


Iron losses == р, 9?" f", 


which should surely be general enough, the formula is not very much 
complicated. We have now to substitute for V, the expression— 


t, € 


XI p = 
f X vol. of air-gap 


и 
f" =f” x (maximum magnetic energy 
stored in I c.c. of gap)". 


All the constituents of this expression can be rcadily calculated 
bcorehand, the length of the air-gap being settled by mechanical con- 
sderations, and its area by the Steinmetz dl formula or some such 
жау. However, іп mv opinion it will never be necessary to depart 
irom the simple parabolic law. 


COMPARISON OF FORMULA WITH PROFESSOR EPsrEIN'S CURVE. 


! 
8 x 1073 (lines sq. cm.) 1 2 3 | 4 | 5 | 6 7 8 9 10 


| — —————| д ------- -------- 


| 


Loss by formula ve .. 0095 c38 | 085 1°52 | 248 945 
315 | 415 | 53 05 890 


342 | 465 | от | 27 


L ss Бу curve... - .. @.100 050 гоо 


Copter Losses.—From equation (2а) above. 
Copper losses = vol. of copper x р, A. 
И the full-load current is J, then area of wire = J/A. 


| 
Y 
^. Copper loss = ] Т/Ар.. 


2. Vol. of copper = ТІ 


It should be remarked that if T 2 turns per pole / must be taken, not 
a5 the length of a mean turn round one pole, but as that of a mean turn 
round all the poles. 
It we use Hobart's rule, that thc end-connections are equal in length 
to three times the pole pitch, we have— 
I= Р (2л + 37), 

and consequently — 
Copper 105$ = р. | ТАР(2А +37). . . . . (12) 
Now— 

2)T | ee 

== ampere-conductors per ст. of periphery, 


and т P= xd the circumference. 


Mr. Creedy. 
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Thus— 
Copper loss — р: 4Ааа4(2Х--37). 


Professor Thompson has shown that £, the output coefficient — 


(defined as KVA ) 


RPM x €l 


is equal to 0'825 x 107" k.ßBq (see “Dynamo-Electric Machinery," 
7th edition, vol. ii. p. 709) or c, В q say. 
Hence— 


Copper loss = 2^ Sad (24 +37). i-e sco ES) 


This relation between the copper loss and the output coefficient is of 
interest in many ways, but it does not for the moment lead us to the 
result of which we arc in search, viz., a formula expressing the copper 
loss in terms of the chief dimensions of the machine. 

In order to obtain this one must insert in the equation— 


Loss = р, | ТАР(2^+3т) . . . . . . (12 


the value of T asa function of the dimensions of the motor. 
From equation (3)— 
e -—pT*M- 
L 


да AE 


From equation (5)- 


Writing— 
te = V, we have М: = У, A y. 


^. Substituting— 


e . 
Ta 2 ou. e . . e . . . І 
VVA р x2mf (0 


Substituting in (12) ме get— 


Copper loss = - ЕЕ ets =. . ER (2X +37). 


Now А = total area of bore, 
=ArP, 
J ¢=1,000 x K.V.A. x J2. 
ДІР = synchronous speed/120 = 5/120. 


Let also 


I 
a= Te (2A + 37). 
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J is the current in all the phases, of course. Substituting these values 
we get the formula— 


Copper loss — Мз X 120 X 1,000 X p, X 4 mm a, 
^/2 ти JV, 5 
But this gives only the stator loss. If the current density is the same 
in the rotor as in the stator, we shall not be far out if we assume the 
loses are the same. И it is different, say A, then the losses will be 
increased in the proportion A,/A. 
Hence tinally— 
Total copper loss = 416 Vs (А + 4,) а, 

as given above. 

I do not wish to lay too much stress on the exact values of the con- 
sants I have given. I have rather endeavoured to set the matter out 
50 that each designer could use his own constants. However, those 
given will give fairly satisfactory results. Since working out these 
{тшше I have also obtained formulz for alternating-current gene- 
гог» and continuous and alternating commutating machinery. 

Mr. |. GOODMAN (communicated): With regard to the testing of 
insulating materials for disruptive strength, in my opinion the usual 
ts on such substances as micanite, varnished cloth, paper, etc., 
can at best only give comparative results ; in the actual machine the 
wsulating material has most probably to be bent into position (in the 
сазе of micanite, generally rendered pliable by heat). Would not there- 
fore the tests be more reliable, and of more practical value to the de- 
signer, if the material to be tested had been previously mechanically 
“rained, as is the case with the insulation in a completed machine? 

И an apparatus such as that illustrated on page 14 of Messrs. 
Turner & Hobart's work on Insulation be used, it is of importance to 
know the pressure between the electrodes; the spring might, perhaps 
айлу, be adjusted so that this pressure is roughly equal to the 
extreme mechanical pressure to which the insulation is likely to be 
subjected in the machine for which it is intended. Possibly, in 
order to exert such a pressure as is found in practice, a better method 
Would be to have one electrode, fitted loosely in a screwed rod, 
the rod working in a strong support. 

It appears also for the same R.M.S. volts а flat-topped E.M.F. wave 
к more detrimental to insulation than a peaked wave. 

The curves, for the 20-k.w. transformer, shown in Fig. 14, are 
interesting, though the top curve is perhaps incorrect, or if correct 
somewhat unique in its form. 

. With respect to the two bottom curves, which show no temperature 
nse until after seven hours’ run, it would be interesting to know the 
distance between the winding on any one leg of the transformer and 
the case, i.e, the space allowable for circulation of oil between the trans- 
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former and the case, as this dimension very probably determines (for 
the same design and load)the time for which there will be no recorded 
rise of temperature at the bottom. It may be of interest to mention 
here that “гізе in temperature" curve of many transformers seems to 
follow, with certain definite limitations, a simple logarithmic law of 
the form— 

Tzalogí—b; 


where T is rise in tempcrature— 


fis time 
a, b are constants. 


Мг. б. SCHULTZ (communicated): Having been engaged for nearly 
twenty years in supplying electrical engineers with material for the 
construction of dynamos, etc., I have found a constant source of 
difficulty in the entire absence of any organised scheme of standardi- 
sation of the properties of the steel and iron used by them. This 
applies even at the present time, nor is there in existence а uni- 
versal or generally accepted method by which determinations of 
electrical qualities can be made. In some cases Ewings’ hysteresis 
meter is still referred to as an arbiter of quality, but it cannot be 
accepted as sufficient or reliable under modern requirements, apart 
from its own standards being frequently at fault. 

The paper of Professor Epstein deals with this question, and shows 
us how much Germany is in advance in methodical treatment of such 
matters. I amin hopes of seeing our own National Physical Labor- 
atory take up the question, not only in conference with electrical 
enginecrs, but with the Standardising Committee, to arrange suitable 
standards for the various qualities of iron and steel to be used for 
Various purposes in electrical machines, but also to fix upon a suitable 
standard measuring apparatus for purposes of reference. I also con- 
sider that the National Physical Laboratory should in all cases become 
the recognised authority to which questions as to quality should be 
submitted for determination. 

In relation to insulating material, I am afraid the electrical engineer 
goes too much by what the manufacturer tells him of his own goods, 
without possessing a standard means of testing the truthfulness of his 
claims. Professor Epstein, for instance, refers to the size of the 
electrode for determining the dielectric strength of insulating 
materials, and again to his method of testing mica tubes. Similar tests 
are frequently performed under very irregular conditions, and often 
lead to injustice іп comparing various makers' products, besides 
being detrimental to a correct selection of materials. Therefore a need 
for a standard method of tests for insulation material is also imperative. 

With regard to the method explained in the paper of testing mica 
tubes, it seems to me that such tests іп themselves cannot be considered 
final or guard against mishaps when in the machine, for mica tubes 
are notoriously weak mechanically, and are easily injured when drawn 
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into the slots, or, if protected against abrasion by fibrous material, the 
efhciency of the machine is weakened by reason of the extra allowance 
required for space. 

To get over this difficulty, the “pertinax” insulating tubes have 
recently been brought to the knowledge of electrical engineers for high 
voltage machines, and seem to be appreciated on account of their 
excellent mechanical properties, being less hygroscopic than mica tubes, 
and having a greater creeping distance although they are entirely 
devoid of mica. 

But my principal object in commenting on Professor Epstein's 
paper is to insist upon the need for “ standardisation.” It will help 
both the manufacturer and the constructor of electrical machinery. 
In the meantime we must be thankful for the help the paper of 
Professor Epstein has given us by showing up our own weaknesses. 

It would be interesting to know from Professor Epstein whether 
the alloved sheet iron shows better results in testing after annealing of 
Ше samples used in the test, and further, whether the ageing test 
fer боо hours is continuous, as I hold that in the first instance 85° 
would be a more suitable temperature, whilst interrupted heating 
would bring the iron nearer to working conditions. 

Мг. А. Р. M. FLEMING (communicaled) : Regarding the selection of 
insulating materials, I agree with the author that for low tension work 
the thickness of material required from mechanical considerations 
gives ample margin of safety even if comparatively poor dielectrics 
xch as fibrous materials are used. The disruptive strength of such 
materials is relatively of secondary importance compared with their 
non-hygroscopic and mechanical features, and the permanence of 
these properties under all conditions such as dampness, heating, 
vibration, etc., likely to occur in practice. Regarding insulating 
tubes for high tension windings, I do not agree that mica is indis- 
pensable for this purposc. 

In my opinion, one of the most likely sources of deterioration and 
ultimate breakdown of the insulation of high voltage windings is the 
discharge which may occur in the air space between the conductors 
and the inner surface of the tube. 

If the electrostatic stresses which produce the discharge are merely 
suficient to cause an almost imperceptible “glow,” ozone may be 
formed, and any oxidisable material thereby rendered brittle. No 
danger, however, is likely to occur from the action of ozone, unless, 
of course, entirely unsuitable materials are used, particularly seeing 
tbat it is considered practically impossible to produce ozone at the 
temperature at which machines usually operate. 

lf the discharge is heavy enough to produce heat sparks, oxides of 
nitrogen will be formed, and possibly under exceptionally favourable 
circumstances slight traces of nitric acid. Тһе number of failures, 
however, directly traceable to this cause are not sufficient to justify the 
possibility of the formation of nitric acid being considered a very serious 
source of danger. 
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If the discharge is heavy, particularly when moisture is present, a 
serious charring of the insulation may result, the discharge practically 
burning its way along the path of the most casily carbonised materials. 
An example of this is given by the author in the description of the 
60,000-volt tests applied to an insulating tube, and while this is an 
extreme case, a similar action may easily take place at comparatively 
low voltages if the insulation is of such a nature and so proportioned 
that high local electrostatic stresses are produced. 

The principal considerations governing the distribution. of the 
electrostatic stress in the air-gap and consequently the amount of 
discharge are, the potential difference between conductors and iron, 
the shape of the conductors, thickness of air-gap, and thickness 
and nature of the insulating tube. 

The clectrostatic stress for each layer of insulation. will vary in- 
verscly as its specific inductive capacity, so that to ensure a practically 
uniform potential gradient across the insulating medium (consisting of 
insulating tube, air-gap, and material on conductors) separating con- 
ductors from iron, the entire insulation space should be occupied 
with materials having the same specific inductive capacity. 

Sceing that mica has a specific inductive capacity of at least four 
times that of air, if the insulating tube is made of this material, a very 
abrupt change will occur in the potential slope across the air-gap com- 
pared with that across the mica tube, and the electrostatic stress in the 
air-gap rendered sufficiently high as to produce a discharge such as 
that already referred to. 

Within certain limits this stress may be reduced by using, instead 
of mica, a material having a lower specific inductive capacity. At the 
present time, however, the selection of such materials which are other- 
wise suitable is small. А compromise, however, may be effected by 
using mica and paper sandwiched, thereby reducing the total capacity 
of the dielectric, and this composite insulation has been found generally 
satisfactory for high voltage work. Apart from the effects of a 
discharge, there is in my opinion a scrious possibility of danger due to 
chemical change resulting from the action of electrostatic stresses. 

It is well known that some fluid dielectrics when electrically 
stressed tend to split up into component parts which group them- 
selves in the order of their specific inductive capacities, and it is not 
improbable that this action occurs to some extent in the varnishes and 
cements used for insulating purposes, resulting in the formation of 
partially conducting media, and while such materials may be entirely 
satisfactory for low voltage work, it does not follow that they are 
chemically stable when subjected to high voltages. "This chemical action 
would be more pronounced at high temperatures, and would depend 
on the voltage gradient, which by the use of suitable materials should 
be kept as uniform and low as possible. 

For the insulation of windings up to, say, two or threc thousand volts, 
probably little danger need be feared from discharge or chemical 
action, as the potential gradient is comparatively small even if mica is 
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used. For higher voltages, however, a composite tube of lower 
capacity is preferable. 

For very high voltages, say above 10,000, while a composite tube 
properly proportioned тау be used, a safer insulation would result from 
the use of a material having a very low specific inductive capacity 
inearly unity), and as an additional precaution all air should be excluded 
from the windings in the slot portion by impregnating with a suitable 
chemically stable compound. As a gencral proposition for high voltage 
work where insulation space is limited, materials should be used which 
have a very low specific inductive capacity. 

With regard to the recommended insulation tests, I do not agree 
that “time” tests are desirable either from the customer's or manu- 
facturer's point of view. A test fails in its object if it in any way 
weakens otherwise sound insulation, also if it is not sufficiently severe 
to break down any inherent weakness in the insulation which under 
operating conditions would develop into a serious fault. 

While agreeing with the author that the bulk of insulating materials 
do not exhibit such characteristics as fatigue or resilience met with in 
the phvsical testing of metals, it is certainly possible for insulation to 
be weakened by long continued electrostatic stress, resulting in car- 
bonisation due to internal heating, charring resulting from discharges, 
or chemical action, and in each case a certain amount of time elapses 
before damage results. Considered from this point of view, a ‘‘time” 
test is inadvisable. 

I thoroughly agree that good design and workmanship are a far 
better guarantee than that derived from any kind of pressure test that 
may be devised. Unfortunately, however, workmanship cannot always 
be depended on, and it is possible for a purely mechanical break to exist 
and for the insulation still to withstand the comparatively low voltage 
tests suggested, and yet under service conditions when subjected to 
moisture, dirt, vibration, etc., break down at normal voltage. Such a 
weakness will much more likely be detected under a higher test 
applied for a short interval than the lower test continued for a longer 
time. 

I agree that it is not commercially practicable to insulate electrical 
apparatus to withstand such severe stresses as may result, say, from 
lightning and such disturbances. On the other hand, the insulation 
should be sufficient to withstand a momentary pressure rise or surge of 
twice normal voltage. Such a momentary rise, while having little or no 
effect on solid insulation owing to the time clement involved, would 
immediately break down an air space or surface insulation insufficient 
for the voltage. In high voltage machines for reasons of economy the 
length of the projecting tubes is cut down to a minimum, and these, as 
pointed out by the author, may constitute the weakest portions of the 
insulation. In the case of a 10,000-volt machine, which is tested at 
15,000 volts for half an hour, while, when clean, the insulating value of 
the surface may be sufficient to stand the test, an accumulation of dust, 
which is always likely to occur in the vicinity of high voltage con- 
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ductors, might be sufficient to reduce the value of the surface down to 
that of the working voltage, and in the event of a surge or possibly 
under normal conditions a breakdown may occur. From this point of 
view a higher pressure maintained for a short interval only would give 
a better indication of the sufficiency of the surface distances. 

Professor J. EPsTEIN (in reply): I propose this evening to discuss the 
few points only which have been raised repeatedly, and to reply later 
on to other questions more fully in writing. 

The curves of the oil transformer seem to have been rather 
puzzling; the explanation, however, is much more simple than it 
appears, as will be seen on referring to Fig. C, showing the transformer 
T, in the case F, and thermometers fixed at 
A,B,C, D. Asthe transformer becomes 
heated the warmed oil rises to the surface, 
and consequently the upper thermometer D 
will indicate the rise in temperature first, 
while the lower ones will not be affected at 
the beginning of the test, as there is no con- 
vection of heat in a horizontal direction. It 
takes practically about five hours before the 
volume of oil at G is heated up. Immediately 
after this stage is reached heated oil begins 
to fill up the space H, which process takes 
another three hours, and during this time 
the rate of rise of temperature proceeds more 
rapidly, owing to the narrower space. 

As I have already pointed out, the ques- 
tion of the rate of temperature rise has 
nothing to do with the size of the apparatus 
—it is merely a question of the ratio of two effects, viz., ratio of cooling 
surface to heat capacity of the whole volume. Тһе case of the oil 
transformer experiment 1$ somewhat complicated by the motion of 
the oil. 

As to the fatigue of insulating material, I am sorry to state that we 
all agree that we know nothing about it. I do not deny the possibility 
of causing deterioration of a machine by excessive pressure. But 
I never have held the view that the high-pressure test weakens a 
diclectric in the same manner as excessive mechanical stress weakens 
the strength of material. What I intended to point out was that the 
physical process seems to be a totally different one. I demonstrated 
the case by the example of the creeping of clectricity along a tube. 
The weakening may be due to a carbonising effect, or it may be the 
result of a vapourising effect, due to insufficiently dried mica tubes or 
cotton-covered wire. 

I was much interested in the results of Mr. Rayner's researches in 
connection with the subject which he brought forward some ycars ago. 
I quite agree with him as regards the importance of filling up coils 
with some material of high heat conductivity. Some experiments 
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І have made in the same direction showed that an improvement of 
about 20 per cent. is effected in the transmission of heat. That means 
that two coils, otherwise equally constructed, measure equal external 
temperature, with the same watt loss, but the average temperature 
inside the coil filled with the heat-conducting material is 20 per cent. 
lower than in the other. Unfortunately, I did not succeed in obtaining 
constant results, as the heat-conducting materials soon altered their 
condition. I hope that some other material may be discovered which 
will preserve its conductivity, and therefore give more satisfactory 
results, and I look forward with great interest to further information 
which Mr. Rayner inay be able to give us. 

Several questions have been asked regarding the influence of the 
area of the dielectric under test. I distinguish two effects as par- 
ticularly noticeable, which are caused by enlarging the area of 
dielectric : 

I. The greater probability of detecting weak points—as can be 
proved mathematically—and 

2. The influence due to enlarged capacity. I should like to suggest 
that those interested should repeat my experiments. 

Besides the lowering of the piercing pressure, it will be noticed 
that with a condenser in parallel the sparks have quite a different 
appearance than without a condenser. You will observe the sparks 
«intiliating and blue coloured. I quite agree with the different 
speakers that the phenomenon may be due to a change of wave-form, 
which, however, I could not verify at the time. I hope I may be able 
todo this in the near future with the aid of an oscillograph, and if 
tme permits, I will include an illustration of the wave-form in my reply. 

Communicated : Mr. Evershed has told us that if I had been an 
instrument maker my paper would possibly have been five times the 
length. I am sorry to say that, speaking for myself as a dynamo 
manufacturer, the length of the present paper would have been at least 
equal to that if it were limited by the material and not by the time 
available, which compelled me to confine myself to a few points, 
waich could not be completely dealt with even then. І have to thank 
the speakers who assisted to complete certain points, and I am pleased 
to he able to answer some questions which have arisen in the discussion 
and to remove any misunderstandings. 

I never stated “that I would be willing to ри! out a machine with 
à 90 per cent. temperature rise," nor “that 125? might be an approxi- 
mate safe limit to be reached in actual working machinery.” On the 
cntrary I would recommend the German rules with 50? temperature 
пзе as measured by thermometer, and 60° temperature rise of non- 
rotaung coils as measured by the increase of resistance. 

Mr. Skinner told us that on the other side of the Atlantic the usual 
limit of the rise of temperature is 40°. I do not see any reason for such 
a low temperature limit, and on this matter I am inclined to side 
with the British Engineering Standards Committee, which says in its 
report of July, 1904 : “ It will be of interest to designers to note that 
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the experimental work has made sufficient progress to indicate with 
considerable certainty that the temperature limits ultimately to be 
recommended by this sub-committee are likely to be more liberal than 
those laid down by either the American or German electrical stan- 
dardisation committees." 

The very interesting experiences Mr. Fynn reports are also a strong 
argument in favour of the fact that the German limits are not too high. 

Though Mr. Peck agrees with my statements as regards temperature 
rise, he fears some difficulties with the customer, and the same feeling 
is expressed by Mr. Skinner, who reports, with reference to the United 
States, that there seems to be a tendency on the part of users of 
clectrical machinery to force the temperature rise down to 34? or 307 C. 


I am pleased to state that during six years' working on the basis of the 
German regulations all such scruples have disappeared, and the more 
experienced the consumers become with machinery delivered to them 
in accordance with these regulations, the more willingly they agree to 
accept them. 

In accordance with Mr. Peck's requirements the figure of loss in 
the German rules is based on measurements оп a circuit having a sine 
wave-form of E.M.F. The temperature of roo? for ageing tests was 
taken from the point of view that this temperature as a round figure 
might exceed the highest temperature up to which iron may heat in 
engine rooms of 35° temperature, and so represent the most unfavour- 
able conditions. 

I am pleased to answer Mr. Evershed's request by giving the 
accompanying curves in Fig. D. 
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Asregards the difference between iron losses tested in the actual Professor 
machine and in laboratory samples, I gave some explanations for the EPstein. 
dixtepancy mentioned by Professor Kapp between curve Fig. 6 and 
Fig. 16. | 

In testing the dielectric strength of a machine we are in a much 
worse position than the mechanical engineer when testing a bridge. To 
ascertain whether he is within the safe limits, he measures the ductility 
of the system, and can determine from well-known facts whether the 
behaviour of thc construction corresponds with the standards. In the 
case of an electrical machine, we try if it will withstand a certain stress, 
which it ought to withstand if constructed throughout on right lines. 
li, instead of satisfying ourselves only as to whether the dielectric will 
or will not stand the test, we were to investigate the behaviour of the 
dielectric when subjected to increased pressure in a manner analogous 
lo that in which the mechanical engineer measures clasticity, we 
should no doubt ascertain whether there exists a dielectrical condition 
analogous to mechanical fatiguing. 

The problem is to establish rules for standardising the conditions of 
dielectric testing so that а bad or faulty machine can easily be recog- 
uscd, and it remains for the designer to construct his machine in such 
amanner that it will stand the test. Тһе tests I recommended were 
Titicised as “low-pressure long-time tests." When double pressure 
Хау proposed by one of the speakers, his proposals coincided with the 
rules recommended by me up to 5,000 volts, whilst at 10,000 volts there 
Nas a difference of 20,0co as against 15,000 volts. 

With reference to duration of the test, an instantaneous test was 
recommended in preference to a half-hour test. With this arrange- 
ment the probability of detecting failures is diminished to a great 
extent. If we wish to check the machine by an over-pressure test, we 
Must give the pressure time to act. If we wish to check it by a break- 
down test, we should not have to fear the breakdown, but the risk was 
mentioned by some speakers that the test might injure the dielectric, not 
seriously enough to cause breakdown during the test, but later оп. No 
doubt there is а risk of this kind— namely, that an incipient failure 
Caused by the test may not become visible whilst testing—but this risk 
5 diminished the longer the duration of test. Puncturing through 
momentary excessive pressure without any immediate sign of such is a 
Well-known occurrence to station engineers, who often report that they 
Observe surging, whilst the breakdown due to punctures caused by this 
‘urging occurred later оп. For that reason long-time tests are more 
Gpable of showing up a weak point during the test, and thus bring а 
lest to a definite result. 

Several speakers were interested in the observation that when 
tesung dielectric strength in the usual way, the piercing pressure was 
lowered as soon as a condenser was connected in parallel. Т am 
pleased to have been able to fulfil my promise and to make some 
further experiments. 

To simplify the conditions I tested air alternately with the con- 
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denser in parallel to the electrodes and without the condenser. When 
the voltage was regulated by a resistance in the primary, the average 
piercing pressure, as measured by a high-tension dynamometric volt- 
meter, was observed to be 6,700 volts with the condenser and 7,400 
volts without the condenser. 

The wave-forms of the pressure applied before piercing occurred with 
and without the condenser are shown in Fig. E and Fig. F. It is 
understood that the phenomenon is not due to the distortion of the 
wave-form, acting in the opposite direction, but is due to what Mr. 


With condenser. 
Fic. E. 


Without condenser. 
Fic. F. 


Patchell called the “ power behind it." I hope to give more details on 
the subject in the near future. 

In answering different questions as regards testing of mica tubes 
(page 38), I wish to state that the voltage means effcctive volts. 

The heating was measured by thermometers placed inside the tube. 

Тһе diameter of the iron rods with which the tubes were filled was 
about 6 mm. 

I hope that every detail asked for in connection with the oil trans- 
former experiment is clearly shown by diagram Fig. G. The sketch is 
drawn to scale. The thermometers А, B, C are fixed in the position 
indicated outside the cage, whilst D is immersed near the surface of 
the oil. The transformer used was one of somewhat unusual design, 
and the proportion of oil volume to material was great. That is due to 
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the fact that the transformer, suitable for 40,000 volts, had to work with 
two of the same pattern in series and one pole earthed. 

The effect of the heat capacity of oil is therefore especially pro- 
minent in this instance. The temperature rcadings, including those of 
the outside air, and the progress of temperature rise in the various 
levels corresponding to the thermometers A, B, C, D, are shown on the 
right hand of the drawing. Synchronous readings are connected by 
straight lines ; the thickened lines indicate the readings after 5, то, and 
15 hours. Thermometers А and B correspond to “ bottom” and “mean” 
of Fig. 14, D to “ой surface," while the average temperature rise of 
winding corresponds to “winding” in Fig. 14. 

The sudden bend on the upper curve of Fig. 14 is explained as 
follows : The radiating effect of the case is proportional to the product 
of radiating surface by temperature difference. If we had to deal with 
an air-cooled transformer, the cooling surface would be constant and 
we should get the well-known curve of temperature risc (see Fig. 12). 
With the oil transformer the surface of radiation increases with the 
volume of the oil hcated. Owing to this the curvature of the line is 
steeper in the beginning and flattens the more as the volume and 
surface of the heated oil increases, but when the heated oil has replaced 
the cooler oil in the upper large space of the case and begins to enter 
into the narrower portion between vesscl and transformer, the radiating 
surface of the case increases more rapidly and the curve of the tem- 
perature rise of the upper oil flattens simultaneously. 

The PRESIDENT: It is hardly necessary for me, I think, in asking 
you to express your thanks to Professor Epstein for his paper, to try to 
sum up in any kind of way the great merits of the paper or the various 
reasons why you should express your thanks. I should, however, like 
to refer with your permission for a few moments to two points. One 
of them concerns the experiments that Mr. Rayner has put before us, 
and to which Professor Epstein has referred in such very kindly words. 
The great importance of those experiments arises from the fact that, 
although you cannot, from knowing the amount of copper and the 
amount of cotton in your coil, make any kind of calculation of its 
average heat conductivity which will be of value to you, you are able 
by means of experiments on one or two coils of a similar shape to 
those which you are going to use on a machine to calculate from 
experiments such as Mr. Rayner has made the average conductivity of 
the material; and then you can use that average conductivity, when 
you have calculated it, in determining what the maximum temperature 
will be, if you know the average, and what the rise of temperature will 
be in other coils of similar shape actually used on the machines. Uthink 
his results are sufficient to show that a valuable addition to the power 
of calculation of the designer may be attained by experiments such as 
he described. The whole point really turns on the work that Mr. 
Goldschmidt put before us some time ago, in which he first called 
attention to the fact that curves such as appear on page 18 of Professor 
Epstein's paper are parabolas, and the rest all follows from that. Then 
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- LGIrable, and in hoping that we might from them arrive at 
results as im ort ping | Б 
Mr. e ant and as interesting as those already reached by 
referred Iie: the experiments to which Professor Epstein has 
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amples кош Epstein here writes: “From experiments made on 
bl 53 cotton-covered wire by the National Physical Laboratory of 
TA s 125 deg. C. was taken as an approximate safe limit." 
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E m АП Mr. Rayner's experiment showed was that a coil of wire 
for А | оп аргорег former and left at rest could stand that temperature 
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rather that it showed оп the whole an increase of insulation. But that 
temperature should be a permissible one in actual working never 
crossed the minds of the Engineering Standards Committee, who were 
responsible for these measurements, and it was not, I think, Professor 
р“сіп8 intention to suggest that in anything he has written in 
Is Paper, 
| have trespassed, I am afraid, too long on your time, by these 
remarks, but I wanted to call attention to опе or two points that 
“cmed to me of great interest and importance. I now have to ask 
you to express, as you have really already done, your hearty thanks to 
Professor Epstein for his paper. 
The resolution of thanks was carried with acclamation, 


The 
President. 


104 TRANSFERS. ELECTIONS. [Dec. 6th, 


Proceedings of the Four Hundred and Forty-sixth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
December 6, 1906—Dr. К. Т. GLAZzEBROOK, 
F.R.S., President, in the chair. 


The minutes of the Ordinary General Meeting held on November 
22, 1906, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 
TRANSFERS. 


From the class of Associate Members to that of Members :— 
Ernest Marmaduke Sellon. 


From the class of Associates to that of Members :— 
Ralph Melville Archer. 


From the class of Associates to that of Associate Members :— 
John Robert Andrews. | R. P. Howgrave-Graham. 


From the class of Students to that of Associate Members :— 
Arthur Stephens Herbert. 


Messrs. C. J. Davis and A. P. Haslam were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 
А5 Associate Members. 
Nusserwanji Maneckshaw Marshall. 
John Robert Smith. 
Ав Students. 
Frederick Bernard de Morpurgo. | Аса Edward J. Hurst. 
Daniel Louis G. Pigache. 


i DONATIONS TO LIBRARY. 105 
Donations ; having been reccived 
e the | ны Мена. Бо Во, С. Dettmar , 
Ns Е. 0. enrici ]. H. McGraw and W. D. Weaver, E. W. 
Cant, р, F. Rowell G. W. de Tunzelmann, and The Vulcan Boiler 
and General Insurance Company, Ltd., to whom the thanks of the 
MUN were duly accorded. 


p discussion on Professor J. Epstein's paper was concluded 
6 р. 63) 


The meeting adjourned at 9.35 p.m. 
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Proceedings of the Four Hundred and Forty-seventh 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil. Engineers, Great George 
Street, Westminster, on Thursday evening, 
December 20, 1006, Dr. К. Т. GLAZEBROOK, 
F.R.S., President, in the chair. 


The minutes of the Ordinary General Meeting held on December 6, 
1906, were taken as read and confirmed. 


Тһе list of candidates for election into the Institution was taken as 
read, and it was ordered that it should Бе suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associates to that of Associate Members :— 


Walter Harvey Chapman. |р Josephs. 
Frederick John Holmes. ^m. Arthur Toppin. 


Messrs. L. Gaster and T. McGill were appointed scrutineers of the 
ballot for the election of new members, and, at the end of the meeting, 
the following were declared to have been duly elected :— 


As Associate Members. 


Eric M. Harper. Leslie Mitchell. 
Thomas Bradley Holliday. William Sutclitte. 


Donations to the Library were announced as having been received 
since the last meeting from The British Association for the Advance- 
ment of Science, The Scientific Publishing Company, Charles Bright, 
F.R.S.E., J. Elster and H. Geitel, and L. H. Walter, to whom the 
thanks of the meeting were duly accorded. 

The following paper was read and discussed :— 
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THE TRACK CIRCUIT AS INSTALLED ON STEAM 
RAILWAYS. 


By H. G. BROWN, Associate Member. 
(Paper read December 20, 1906). 


There are, I venture to think, many members who are unfamiliar 
with the practical application of electricity to railway signalling. 
As the entire subject is, however, too large to bring within {һе limits 
of a single paper, I have decided to confine myself to a description 
of the track circuit only, as installed on stcam railways, of the method 
of its operation, and of the laws governing its working, which are 
simple and definite, and have been thoroughly understood by 
specialists for many years. 

I believe that the first track circuit used for the control of train 
movements was installed in 1871 by a Mr. Pope. His apparatus was, 
however, crude in design, and was regarded by railway men in 
general with some distrust, but it did not take long to convince 
those interested that the principle was sound and that reliability was 
à question of design and construction only. 

Since that time rapid progress has been made, and experience 
has shown that the track circuit not only affords a greater degree 
of safety, but also that its use permits a closer headway, and therc- 
fore a greater traffic capacity, at a smaller maintenance cost than any 
other system. Аза means of automatically informing the engine-driver 
of the condition of the section of line to which it gives admission, 
itis undoubtedly the best, because it is operated by the presence of the 
train itself upon the metals. 

It is a fundamental principle in signalling that the failure of 
any part of the system should result in the signal going to danger. 
In designing the circuits, therefore, each scheme of connections 
must be carefully analysed to determine the probable effect of the 
earthing and short or open circuiting of every instrument and wire. 

General Descriplion.—The principle upon which the track circuit 
is operated differs from that governing the majority of electrical 
combinations. | 

In railway signalling, as well as other applications, the opening 
or closing of electrical circuits, the energising or de-energising of 
the apparatus employed, as a general rule gives the signals, but 
the condition of the track circuit is indicated, or I might say translated, 
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by means of the total or partial de-energisation of the translating 
device or relay : not by the opening or closing of the circuit, but by 
forming a shunt across the relay, reducing the potential drop to an 
approximate zero, or at least to a point below that required for its 
operation. 

The circuit is formed by the battery (Fig. 1), track rails and relay 
in scries. The battery is connected between the rails at the 
end, and the relay at the beginning of the section, the end 
and beginning being determined by the direction of traffic. Тһе 
current flows from the battery through the entire length of the 
section on one rail, through the relay, and back to the battery through 
the other rail. The section of line included in the track circuit is 
isolated by means of insulated fish-plates. АП rail-joints, except those 
separating the sections from éach other, are bonded to censure 
clectrical continuity. 

Тһе actual resistance of the ballast and sleepers is low, especially 
in long track sections. It sometimes falls below.that of the relay itself, 
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and therefore the latter obtains but a portion of the total current, the 
rest leaking across from rail to rail. Тһе average resistance per 1,000 
feet depends on local climatic conditions and the materials employed 
in the construction of the permanent way. Broken stone makes the 
best, and cinders the worst ballast from the signal engineer's point 
of view. 

There are therefore two, and when the section is occupied three, 
resistances in parallel, namely, the relay, the ballast, and, in the latter 
case, the shunt formed by the train. These parallel resistances are in 
series with the internal resistance of the battery or its equivalent in 
effect. The resistance of the rails is not here considered, as in properly 
installed short track circuits it should be negligible. 

The fact that the working of the circuit is dependent on the 
variation in the resistance between the rails points to the necessity 
of a resistance external to the track but in series with it. This series 
resistance plays a most important part, for if the battery had no 
internal resistance, or if its equivalent were omitted, the full potential 
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would be maintained across the relay no matter how much the 
resistance between the rails might be reduced by a train occupying 
the section. 

Relay Shunts.—Effective shunting is the main question. "The shunt 
formed by an engine and train has a resistance so low as to be without 
interest, but if formed by a light single vehicle the resistance is some- 
times relatively high, on account of the smaller contact surface and 
pressure between the rails and the wheels. If the rails and wheels 
are rusty it is, of course, greater than when they are worn clean and 
bright. The fact that the shunt formed by a light vehicle may have 
an appreciable resistance does not mean that such vehicles are 
ineffective as shunts, but that a different adjustment is necessary 
where their presence is probable. These adjustments may be obtained 
by altering the electrical relations between the relay and series 
resistance with a given battery, also by determining the length of 
the track circuit from the minimum resistance of the ballast 
per 1,000 feet. 

The resistance of the shunt formed by a vehicle when stationary is 
constant, but its value is dependent on the condition of the rails and 
wheel surfaces at the points of contact as well as on the weight of the 
wagon. The actual amount will therefore vary with different 
positions of the same vehicle in the same track circuit. 

The shunt resistance of a single pair of wheels in motion varies. 
It is obvious that the resistance of a number of pairs of wheels is pro- 
portionately less than that of the individual units, and the variation 
15 also less, as the minima and maxima of the units would not coincide. 
Rolling stock, as regards shunting effectiveness, may be approximately 
divided into two groups, namely, trains and engines, and single wagons, 
and an arbitrary resistance assumed for each class, high enough, 
with a factor of safety, to exceed the maximum obtained by actual 
tests. Іп the case of coaches fitted with ordinary Mansel wheels the 
hubs and tyres must be bonded. For instance, the London and North. 
Western coaches running over the District Railway have bonded 
Mansel wheels which give no trouble whatever. 

It is possible to install track circuits which will be operated in a 
reliable manner by trolleys, inspectors’ tricycles, etc., but this is 
generally considered unnecessary, and with good reason. 

The sanding of rails is undoubtedly detrimental to the satisfactory 
operation of the circuit. But the quantity of sand that is really 
necessary to make the drivers grip slippery rails will cause little 
trouble, 

The maximum resistance that will shunt a given track circuit bears 
a definite relation to the ballast resistance which would cause the relay 
lo drop its armature. It also varies inversely with the variation of the 
ballast resistance above the failing point. If the shunt is to be effective 
the combined resistance of the ballast and the shunt must be equal 
to or less than that of the ballast resistance only, at which the track 
I$ adjusted to fail. Again, the combined resistance of the ballast, 
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relay, and shunt must be equal to or less than the combined resistance 
of relay and ballast with the section unoccupied, at the ballast resist- 
ance at which the track is adjusted to fail. The resistance of the 
relay, being constant, does not affect the relation between the effective 
shunt and the ballast resistance for a given adiustment. 

The first factor to be considered is the minimum ballast resistance. 
The next, the maximum and the range between the two. Тһе third, 
the resistance of the poorest shunt which will be effective. This latter 
is settled by the first two factors—no matter what the resistance 
or pick-up volts of the relay may be. 

The Relay.—The resistance of the relay is largely a question of 
economy in operating power and of its adaptability to the battery 
arbitrarily selected. Its function is to open or close local circuits 
which control a signal either directly or indirectly, by working the 
various devices used in the interlocking of points and signals. It 
should be a well-made and efficient instrument, as but little power 
is generally available for its operation. On steam railways a relay 
should work with not more than оо15 of a watt. On electric railways, 
on account of the presence in the track rails of extrancous currents of 
some magnitude, it may be advisable to maintain a higher potential 
between the rails than would otherwise be necessary, and to employ 
a less delicate instrument on account of the risk of it being subjected 
accidentally to the full potential of the motive power service. 

There are, broadly speaking, two kinds of relays, the neutral and 
the polarised types. Тһе neutral type is uninfluenced by the polarity 
of its ficld. The polarised relay has an additional armature which is 
polarised and operates contacts selectively in response to the polarity 
of the current energising its magnets. One of the many uses of the 
polarised relay is to operate distant signals by means of the reversal of 
the track circuit, thereby rendering unnecessary the line wires which 
with the neutral type of relay would be required between the distant 
or caution signal and the stop signal controlling it. 

The potential required to operate the relay increases with its 
resistance, and although the current in the relay is decreased, the total 
current in the circuit and therefore the total watts are increased, as the 
ballast resistance does not vary with that of the relay. 

'The relay contacts are operated by means of the movement of an 
iron armature. Тһе air-gap in the de-energised position is greater 
than when the relay is energised and its armature has responded. For 
this reason the potential required to pick up the armature is greater 
than that required to hold it up. The range in potential between the 
armature pick up and drop should be as little as possible, and is in 
actual practice approximately equal to 30 to 50 per cent. of the pick 
up volts. 

It is important that the armature bearings should be practically 
frictionless and the contacts constructed so that there is no risk of 
their fusing together. Тһе armature itself should be prevented from 
actually touching the pole pieces on account of the possibility of the 
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presence of residual magnetism. Any neglect of these points might 
result in keeping the armature in the energised position at the wrong 
ume with possibly disastrous consequences. 

Front contacts are known as those which are closed when the relay 
is energised and are platinum to carbon, the movable members being 
platinum and the stationary ones carbon. The immunity afforded by 
this combination from disturbance by lightning discharges and heavy 
currents from other sources fully warrants its usc, although the contact 
resistance is a little higher than might be wished. 

Bottom or back contacts are closed when the relay is de-energised, 
and are therefore generally platinum to platinum, as there is less contact 
pressure and the circuits they control are relatively unimportant. 

The ВаЦегу.—А battery having a constant potential and internal 
resistance should be used for this class of work. Тһе Daniell cell, 
commonly called the gravity battery, was at first almost universally 
employed. It has, however, one unfortunate characteristic, namely, an 
extremely variable internalresistance. Тһе E.M.F. of this battery being 
approximately 1°1 volts, and its internal resistance being comparatively 
high, a supplementary series resistance is not required. In fact, it is 
generally found necessary to decrease the internal resistance by 
connecting two standard 6 x 8 inch cells in multiple, or by con- 
structing special cells which will give an equivalent result. А definite 
ballast failing point adjustment is difficult to obtain with this type of 
cell unless it receives exceptionally careful and frequent attention. 

On the other hand the storage battery has much to recommend it. 
Its internal resistance being low, it is necessary to use an additional 
external resistance in series with it, the value of which may be altered 
to suit local conditions as accurately as desired. Its potential difference 
is fairly constant and need not vary more than то per cent. In many 
cases it is more economical from the maintenance point of view, 
although its first cost is greater. As its electrolyte has a much lower 
freezing point than the zinc and copper sulphate solutions in the 
gravity battery, a deep battery well is unnecessary for protection 
from cold. 

Bonding.—To ensure the electrical continuity of the running rails, it 
is necessary to bond the rail joints. Two bonds should be used at 
each joint on account of their liability to break, and also in order to 
reduce the total bond resistance. No. 8 S.W.G. galvanised iron wire 
may be used under ordinary conditions. Copper is preferable when a 
greater current-carrying capacity is desired than that aftordcd by the 
гоп wire, or where sulphurous fumes are prevalent. It is also good 
practice to use copper in tunnels, and where the 6-ft. and 4-ft. waysare 
timbered flush with the rails, | 

Two kinds of signal bonds are in general use, the “rivet” and the 
"taper sleeve" galvanised iron wire patterns. The rivet pattern was 
the usual form employed, but lately the taper sleevc has come into 
greater favour. The former consists of two galvanised iron rivets 
turned down for a part of their length, leaving a shoulder under the 
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head of the original diameter, round which the galvanised iron wire is 
turned twice, and the whole is then dipped in solder. The holes in the 
rails are drilled slightly smaller than the machined part of the rivet, so 
that when driven home the rivet is shaved by the edge of the hole, 
ensuring a tight fit and clean surface. 

In the taper sleeve type of bond the wire is passed through a split 
taper sleeve, which is then driven into the hole in the rail. The bonds 
should be long enough for a complete circular turn to be made in each 
end, to allow for the usual movement at the joint without bringing a 
strain on the rivets or sleeves, and they should never be fixed to the 
sleepers or chairs in any way. 

Insulating Foints.—Various types of insulating joints are in common 
use, such as all steel, steel and wood, and all wood joints. I am afraid 
I have an old-fashioned prejudice in favour of the oak joint, for flat- 
bottom rails at least, and I see no reason why this joint should not be 
adapted for use with the bull-headed rail used in this country, provided 
that it is properly supported. 

The wooden joint consists of two heavy oak blocks milled to fit the 
rail, and are bolted to the rails, one on each side ; that is, the joint 
is fishedi with wooden blocks instead of the usual iron plates. The 
rail ends are separated by one or two pieces of }-inch fibre of the 
same shape as the rail section. Some of the types of insulated joints in 
use fall far short of even a practical ideal. 

General Adjustment.—In considering the adjustment of a track 
circuit, I will assume that it should be adjusted to shunt, as well as to 
give a Clear indication under the worst ballast conditions. This would 
seem to be an unnecessary statement, but I make it advisedly, as many 
track circuits are installed and adjustéd to give a clear indication when 
the track is unoccupicd, but if the conditions are such that they shunt 
indifferently, track circuiting as a principle is apt to be criticised. 

The rolling stock, as regards its shunting effect, has previously been 
classified into two groups, the first being engines and trains, the second 
single vehicles. This would imply two classes of track circuits, viz. : 
(1) Main line ; (2) sidings, station bays, junctions for fouling, or for 
clearing or for point locking. Fortunately the circuits in the second 
class would be shorter than those in the first. 

The phrase “ Ballast resistance at which the track is adjusted to 
fail" may here be explained as follows :— 

If the ballast resistance falls below the assumed minimum, it is 
evident that either extraordinary weather conditions exist or that there 
is some fault which forms a connection between the rails, supposing, 
of course, that the section is unoccupied. 

The minimum ballast resistance is important only as a point at 
which the track potential must be sufficient to cause the relay to pick 
up its armature, thereby insuring the continued working of the circuit. 
By virtue of the series resistance there is a resistance below the 
assumed minimum of the ballast at which the relay will fail to pick up 
its armature on account of the attendant decrease of the track 
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potential. Тһе circuit may be adjusted so that this minimum bears a 
safe and definite relation to the minimum ballast resistance, and one 
might say that this is the point at which the track is adjusted to fail. 

This is important because it determines for all conditions of ballast 
resistance the maximum effective shunt, that is, the shunt resistance 
which in parallel with the existing ballast resistance will bring 
the track potential down to the failing point of the relay. 

The relay has two failing points: the armature pick up and the 
armature drop. Тһе adjustment must be such as to allow the armature 
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to pick up with a margin at the minimum ballast resistance. A shunt 
to be effective must cause the armature to drop. It is evident that a 
shunt of lower resistance is required to drop the armature than is 
Lxessary to prevent it being picked up. In Fig. 2, the top curve 
represents the shunt which will prevent the pick up, and the bottom 
that which will cause the drop. The ordinates represent shunt re- 
sistance, and the abscissz the resistance of the ballast. 

The diagram is based on the following figures : A ballast minimum 
of 6 ohms and a relay having an armature drop point equal to one half 
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the pick up potential. The track is adjusted so that the pick up 
failing point will be reached if the ballast resistance should drop 
to 4 ohms. 

The relay has a resistance of 4 ohms, а pick up point of o'2 volt, and 
a drop point of o'r volt. With a battery potential of 2 volts, a series 
resistance, including the internal resistance of the battery, of 18 ohms 
would be required. 

The ends of these curves extend indefinitely in both directions, for 
at the failing point the effective shunt would be infinite, and with an 
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infinite ballast resistance it would equal the ballast resistance which 
would cause the relay to fail with the track unoccupied. 

Curve I, in Fig. 3, shows the variation of potential due to a varying 
shunt with a ballast resistance of 6 ohms. 

Curve 2 shows the variation due to a varying shunt with a ballast 
resistance of 12 ohms. 

Curve 3 shows the potential with a varying ballast resistance, the 
section being unoccupied. 

The pick up failing point is the same in Fig. 2 as in the third 
curve in Fig. 3. 
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I want to make one point very clear, namely, that if a track is а4- 
justed to give a pick up failing point at a certain ballast resistance or its 
equivalent, the maximum effective shunt at any ballast resistance is not 
altered by the resistance or pick up volts of the relay used. If a track 
is adjusted to give a pick up failing point at a certain ballast resistance 
with a 4 ohm relay, and an 8 ohm relay is used, the effective shunt will 
be greater at all ballast resistances ; not through any virtue of the relay, 
but simply because, by its use without altering the series resistance, the 
pick up failing point is reached at a higher ballast resistance. 

With a pick up adjusted for a given ballast resistance, the top curve 
would be the same for all relays. Тһе position of the bottom or 
armature drop curve and its relation to the top curve will vary with the 
adjustment of the relay armature. 

This armature adjustment may be obtained by decreasing the 
percentage variation of the armature air-gap, either by lessening the 
movement of the armature when adjusted near the pole pieces, or by 
keeping the original amount of movement, and increasing the minimum 
аг-рар. Тһе adjustment is limited in the first instance by the 
necessity of maintaining a sufficient space between contacts when 
open, and in the second case by the watts required on account of the 
total increase in the air-gap. With the type of relay in general use, 
the armature drop volts, as previously mentioned, should be from зо to 
50 per cent. below the pick up volts. 

Relays should be adjusted and sealed by the manufacturer. This 
adjustment gives the best average results which can be obtained, and 
it should not be altered by the buyer unless he is sure of what he is 
doing. The minimum ballast resistance is to a certain extent under 
control, as it is approximately determined by the length of the circuit, 
but the relation of the minimum to the maximum depends on local 
conditions. Take the 6 ohm minimum in Fig. 2 as an instance. 
This equals а 333-ft. circuit at 2 ohms per 1,000 feet, ог a 2,000-ft. 
circuit at 12 ohms per 1,000 feet. 

The shunt is the most important factor, and we will suppose that for 
a certain class of traffic a definite figure is decided upon. There is 
more than one way of adjustment, but the following method is pro- 
ductive of the most satisfactory results. 

А relay and battery to be universally employed are chosen. Тһе 
length of the circuit should be roughly determined by its minimum 
ballast-resistance per 1,000 feet, and the adjustment obtained by alter- 
ing the amount of the series resistance. 

If the series resistance is non-adjustable, a relay should be chosen 
with its pick-up and drop volts bearing the correct relation to the series 
resistance and battery E.M.F. This, however, is a much less flexible 
method of adjustment. 

In both methods the relay drop failing point should occur with a 
ballast resistance as close as possible to that of the minimum ballast 
resistance. Sufficient allowance should, of course, be made for the 
Pick up and the margin between the pick up and minimum ballast 
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resistance. The virtues of a track having a 4 or 5 ohm minimum 
are largely lost if the relay drop occurs at a ballast resistance lower 
than is necessary. 

The relations between the drop and pick up failing point are fixed, 
whereas the margin referred to is a factor within control. 

It should be sufficient to make allowances for a ballast resistance 
reasonably below the anticipated minimum, but not great enough to 
insure the circuit working under conditions caused by the existence of 
а fault. The whole question of the value of the margin required to 
insure uninterrupted operation is one of degree. 

If an exceptionally low resistance betwcen rails exists but seldom, 
such an occurrence can be justly classified as a fault rather than con- 
sidered as an average minimum, thereby greatly increasing the efficiency 
of the circuit from the standpoint of effective shunting. 

Where the conditions of traffic require a long block section and the 
nature of the track is such that it is undesirable to have a long track 
circuit, the section may be cut into two or more circuits, which collec- 
tively operate the one signal. 

The measurement of resistances by substitution is often advan- 
tageous. The simplest manner of ascertaining the resistance required 
to shunt a track is to connect an adjustable resistance from rail to rail 
and gradually decrease its value until the relay armature drops. But 
in making tests with measuring instruments it must be kept in mind 
that the results obtained may nced correction by calculation, because 
the conditions may be changed by the use of the instruments them- 
selves, with the result that values are obtained different from those 
which existed before their introduction. 
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In conclusion, it will be noticed that the use of mathematical 
equations is avoided in the paper. І have endeavoured instead to 
explain the principles of the track circuit in such a way that they will 
be logically and graphically evident. It has been necessary for the sake 
of clearness to speak of certain factors as having definite dimensions, 
when in practice they will vary from hour to hour and from year to 
ycar. For the same reason emphasis and prominence have been given 
to certain conditions which have always to be borne in mind, though 
in practice they occur but seldom. 

Inthe case of shunting, for instance, the resistance of the shunt of 
anything from a reasonably heavy brake van to an entire train on a 
clean track is so low that a Weston instrument with a 1°5-volt scale 
connected across the relay would not show any movement of the 
needle from zero. It becomes a serious question only when the rails 
are in a bad condition and the vehicles light in weight. If a track 
circuit does not work efficiently, its arrangement, and not track circuit- 
ing as a principle, is open to question. 
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DISCUSSION. 


Mr. Н. M. Sayers: I desire to make one or two remarks for the 
purpose of obtaining information. I do not understand the small 
amount of energy available for the relay. ‘The potential between the 
rails is stated by Mr. Brown to be from 2 to 5 volts, 3 volts usually. 
With from 5 to 5 volts available between the rails, 2 or 3 watts, at any 
rate, should be available for the relay coils ; and since the relay is not 
like a telegraph relay, in which the time constant is important, but may 
have a relatively large mass and therefore be wound with a large 
number of turns of comparatively large wire, there appears to be no 
particular reason why such a construction should not be used, and more 
certain action would seem to be secured. The difference between the 
“drop failing point" and the “pick-up failing point” Mr. Brown tells 
us has been reduced to nil. The telegraphic practice of using a relay 
in which the moving part does not make any material difference to the 
reluctance of the magnetic circuit seems to be the right way to get 
over the difference mentioned in the paper. Probably a moving coil 
relay would be a good device for the purpose. To get the greatest 
sensitiveness and to fulfil the conditions that are required in these par- 
ticular circumstances, a polarised relay is desirable. I should like to 
ask if Mr. Brown has noticed any critical point in the voltage to be 
maintained between the rails. Claude, in an interesting paper read 
before the International Society of Electricians in 1900, dealing with 
the question of electrolysis due to stray tramway currents, cited a large 
number of experiments which showed that, for low voltages, earth 
resistance between rails and buried pipes acted as a metallic resis- 
tance—that is, it appeared to have a definite resistance, and the 
current through it varied directly with the applied potential up to а 
certain point. Beyond that point there was an electrolytic or polaris- 
ing resistance. Consequently it would seem that, if the potential 
between the rails is maintained a little above the polarising point, it 
wil be much steadier under differing conditions of weather and 
"ballast conductivity " than if it is below that point. "That point will 
probably be about 2 volts, or perhaps a little higher. Mr. Brown may 
know something about this. 

Mr. W. J. THORROWGOOD: I think some objection might be taken 
to the term “ ballast resistance" as used in the paper. In the track 
circuit the current passes from one terminal of the battery through one 
rail to the relay, and back through the other rail to the battery. Any 
curent passing from rail to rail without going through the relay is in 
the nature of a leak, and in general electrical language the resistance of 
that leak path is known as the insulation resistance. In the literature 
of the subject we are discussing, it is called the track circuit insulation 
resistance. It seems to me that is a better way of regarding it, seeing 
that we are new to the subject. Then, again, the term “ ballast resis- 
Өлсе” is not generally applicable, seeing that, in some electric railways 
at any rate, there is no ballast. On steam roads, where the track circuit 
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is used, the ballast is cleared away from the top of the sleepers, and 
consequently you might speak of the “sleeper resistance.” In апу 
case, in these days of standardisation I think we should keep to the 
same term for the same thing used in different cases. With reference 
to using thc difference of potential, it has Бесп the practice hitherto to 
speak of the number of milliamperes which will actuate the relay. From 
the theoretical point of view it may be well to use the difference of 
potential when making your calculations to set out your system, but I 
think it will be found in practice easier to adjust your relay by means 
of the current passing through it rather than by the difference of 
potential on its terminals. With reference to the difference of poten- 
tial of the storage battery, although the storage battery difference of 
potential may be allowed to vary то per cent., there is a minimum 
difference of potential which must be decided upon, below which your 
variations must not take place. For instance, you may go from 2 to 
2:2, but not below 2. Coming to the rail resistance, as the paper says, 
it should be negligible. So it may be for 330 ft., but when you come 
to 2,000 ft., the resistance of the rails themselves is six times as large. 
Taking the resistance of a length of rail as o'18 ohms—and that is about 
right for 1,000 ft.—the current received by the relay is about 1} per 
cent. less than if you left the rail resistance out of calculation altogether. 
That may be important if you are working near the margin, and in the 
figures given in the paper there are only 8 milliamperes in excess of the 
50 necessary toactuateit. Mention is made in the paper of possible inter- 
ferences of the track circuit by extraneous currents on electric railways 
where they take a certain amount of care to avoid them. Ithink the 
track circuits on steam roads are just as likely to be affected by these 
extraneous currents as are electric railways, especially if the track 
happens to be in proximity to an electric tramway. You have always 
the liability, at any rate, of having a difference of potential of 7 volts 
on the extreme ends of your electric tramway. I think the power, or 
the quantity, of these stray currents is rather more than is sometimes 
thought or expected. In one case a little while ago I found that from 
a rail to a point twenty yards distant there was a current of 95 milli- 
amperes passing, and in other cases I have found a difference of 
potential of halt a volt in a distance of a mile. In cases that have come 
under my notice where instruments have been affected, the difference 
of potential must have been 2 volts at the very least, and probably д. 
It appears to me that this question of the interference of tramway 
currents is rather important. In London it is well known to telegraph 
people that there are many so-called carth currents flying about. 
With the advent of electric tramways and railways, the necessity may 
easily arise of having to insulate the track more carefully, or it may 
have to be insulated altogether if we are to avoid interference 
with the track circuit and the signalling. Alternating currents may be 
used in some districts to overcome the trouble, It may be a remedy, 
but the real remedy, it seems to me, rests with the tramway companies 
to provide efficient copper returns, so that their stray currents shall not 
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affect other people using the earth return. Possibly, if they did so, 
their running charges might be a little more economical, and at the 
same time it would be advantageous to those using the earth as a return. 
Mr. E. C. IRviNG: I do not think there is much I can say in 
criticism of the paper, which is very clear to me, probably because I 
have had a lot to do with track circuits. There arc one or two points 
I should like to mention with regard to the wooden block joint. So 
far as my experience goes, I have seen a wooden block joint pulled apart 
about 2 ins. in the morning after a cold night through the contraction 
of the rails, and then close up again through the expansion of the rails 
as soon as the sun came out, so that I do not think a wooden block joint 
itself is quite strong enough for railway work. It would be all right 
so far as the lateral stress is concerned, but not for the contraction. 
There is another point which is not very important, and that is the use 
of the copper bond. I think galvanised iron is rather better than 
copper, because there does not seem to be so much electrolytic action 
between the two pieces of iron as there is between the copper and the 
iron. This action, I think, where small voltages are concerned, is rather 
detrimental. It may be interesting to the members of this Institution 
to call their attention to the fact that the use of the track circuit in this 
country has passed the experimental stage, there being over 300 miles 
of it in use on various railroads, where it is giving every satisfaction. 
Мг. Е. Сил.: The remarks I have to make are more in the form of 
questions. There are a number of points in the paper that I have not 
becn able to follow at all, so that I thought if I put some questions to 
Mr. Brown it might assist others who аге in somewhat the same diff- 
cultv as myself. With regard to the question of the design of the relays, 
І do not scc at the moment why he wants to operate his relays with 
such a small expenditure of energy. He says on steam railways a relay 
siould work with no more than о015 of a watt. Then further on in his 
paper Mr. Brown talks about economic working, but I cannot see that 
economy of current in the track circuit сап be a very important point. 
I should have thought you could have afforded to spend energy rather 
liberally if it produced a safe result, remembering that there is a train 
at the back of the whole thing, and that if there is trouble it may be 
serious. Then with regard to the ballast resistance, or the leakage 
circuit, as one spcaker called it, I do not sce in the paper any definite 
figures under that heading. We get various illustrations saying that it 
may be one thing oranother. On page 115 Mr. Brown says it may be a 
333 ft. circuit at 2 ohms рег 1,000 ft., or a 2,000 ft. circuit at 12 ohms 
рег 1,000 ft. One would like to know what figure һе actually gets in 
practice. In the same way, what is the resistance actually caused by 
sanding? І rather find all through the paper an absence of definite 
hgures which one can seize and work on. With regard to the relay 
contacts, I notice that they are carbon and platinum. I take it that 
those are the local circuit contacts ; but the reason given for the use of 
carbon and platinum contacts is so as to give freedom from lightning 
discharges. И is not very apparent to me why that should be the 
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case. I should like to know what is the pressure on the back contacts 
of the relay. When the relay has fallen back, when it is shunted, I 
understand there is a series of back contacts made, and there is no 
mention made as to what pressure is on those contacts. With regard 
to the question of storage cells, last year I was in the States, and in 
going across the Union Pacific line I went over mile after mile of 
automatic signalling, going out West. Iam not sure whether it was 
worked on this principle; it was some sort of track circuit. Тһе rails 
were certainly bonded, and the signals worked very nicely. I would 
rather like to know if Mr. Brown can say how they manage to look 
after the supply there. Do they use portable cells or primary cells, or 
have they some manner of keeping the secondary cells charged ? 

Mr. W. DUDDELL: Like the last speaker, I fear that I have no 
knowledge of railway matters. I can only ask a few questions, and 
Mr. Gill has largely anticipated the questions I intended to ask. I 
think if Mr. Brown could give us in his reply some tabulated data as to 
the resistance of the track between the rails under different conditions 
of work, and also as to the resistance of the different classes of vehicle 
when shunting the track, it would be a valuable thing to have on record, 
so that when we want to calculate track circuits on railways in the 
future we may know what sort of figures we may expect to obtain. We 
want to know more or less the average results he has obtained in his 
extensive practice. 

I think a little difficulty has arisen to-night in reading the paper 
from the terms the author has used. Тһе relay drop failing point and 
the relay pick-up failing point are not terms that we are quite accus- 
tomed to. If Mr. Brown had referred to the volts with which the 
relay will pick up its armature or drop it, I think I should have read 
the paper with greater ease. Ithink the terms Mr. Brown used are 
terms which are used in another country, and which are not acclimatised 
in England yet. 

One of the speakers has referred to a possible 7-volt drop along the 
rails. Mr. Brown, in his paper, speaks of 0'2 volt as being the sort of 
voltage at which his relay operates, and it looks at first sight as if a 
7-volt drop along the length of line might make it an impossible thing 
to work the relay. If I understand him correctly, it is like this :— 


»»-» 
>»>---> 
А В 
| —=-Relay battery GE 
D C 
>»>---, 
Fic. H. 


АВ and C D are the two rails, and I assume that there is а соп- 
siderable difference of potential—-say 7 volts—between А and B, and 
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also between D and C. This difference of potential, being due either М 


to extraneous causes or to very large but equal currents in the 
rails, will be in the same direction in the rail A B as in the rail DC, 
and І represent these voltages by the long arrows. Тһе small arrows 
represent the voltages caused by the track batterv. If we follow these 
small arrows round the circuit, we find that the voltage represented by 
the large arrow is added in one rail and subtracted in the other, so it 
should not hinder the working of the relay. И this is not the correct 
explanation, I shall be glad if Mr. Brown will explain, as it is rather 
dithcult to understand how he operates his relay with only o2 volt, with 
possibly some thousands of amperes flowing in the rails. 

Mr. THORROWGOOD: May I explain that the 7 volts I referred to 
were on the extreme end of a tramway line, not a railway line. You 
get the leaking current from the tramway through the railway line, and 
back again to the central station of the tramway, not the electric railway. 

Mr. DUDDELL : Seven volts on both rails ? 

Mr. THORROWGOOD : Yes. 

Mr. A. H. JoHNsoN : I had the honour twenty-three years ago of 
being connected with some of the first experiments in America on 
track circuits. Track circuits were first started in this country. One 
of the first experimenters was Mr. W. R. Sykes, who tried the scheme 
on the Chatham and Dover Railway іп 1870. I believe the first large 
installation was at the Crystal Palace, about 1876, but, owing to the 
Principles of the thing not being clearly understood, it was a failure, 
although it is to be noted that Sykes used a one-cell battery and a one- 
ohm relay in that installation. The Mansell whecl was the difficulty. 
When we first started in America we had a great many failures through 
not understanding the principles on which we were working. Although 
several members have spoken of the paper Mr. Brown has just read as 
not being very clear, it is the best exposition of the matter that I have 
ever read. Perhaps Mr. Brown will admit that the margin of 25 milli- 
amperes between the current at which the armature picks up and that 
at which the armature drops is not ideal, and I think he says so in his 
paper. That is already being overcome in the alternating track circuit 
relay, but the last word has not усё been said on the design of direct- 
current relays. I think itis possible to design a direct-current relay 
with a very little margin. The armature might be balanced in quite 
а diferent мау. Instead of having to make a hard contact it might 
make a mercury contact, and the whole thing might be protected from 
the weather and moisture by being immersed in a light oil. I have 
had such a relay made, and I believe you will find that relays will in 
the future be made on those lines. In conclusion, I think we have to 
thank Mr. Brown very much for his able paper. 

Мг. F. C. RAPHAEL: There is one question I would like to ask. Is 
it right that the whole system should depend on a $ in. thickness 
of fbre between the two lengths of rails, for if this } in. gets short- 
arcuited the signal would immediately go to danger and the whole 
stem breaks down. There is another point I would like to ask about 
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in connection with the insulating joints. Мг. Brown showed us on the 
screen an illustration of these joints (in which, by the way, the width of 
fibre certainly looked greater than $ in.), and subsequently he pointed 
to the bolts being insulated with bushes; but I do not quite see why, 
if he uses wooden blocks as fishplates, he wants to insulate the bolts 
that go through them as well. 

Mr. |. SAYERS (communicated): I am sorry I cannot be present. I 
should particularly have liked to have asked Mr. Brown for more 
definite information as to the means he proposes for making dirty, 
irregularly used tracks as safe and reliable with track-circuiting 
apparatus as are ordinarily clean, well-used rails. I presume his remedy 
is simply to cut up the track into more and more sections, and so 
gradually get nearer to a short and perfectly insulated pair of rails. 
I think myself that track-circuiting should be limited to roads which 
are in practically constant use, and it should never be absolutely relied 
on for any track which may lic idle for several hours, especially if the 
track is then liable to reccive light engines or similar vehicles which 
have been standing all night. 

There is also the question of sand to consider. Unfortunately, this 
is mostly used in front of starting signals ; consequently when a light 
engine comes to a stand at a starting signal it is on the very piece of 
line which is most likely to have a bad conducting film. I have had 
cases on the Midland Railway of complete insulation of an engine on a 
track standing in front of a starting signal where a lot of sand had been 
previously used byalight engine. Light engines are worse in this con- 
nection, as there are no train wheels after them to help clear away the 
insulating layer. I think it is very desirable for some means to be 
adopted which will render the operation of the relays more independent 
of weather conditions in order that the maximum rolling shunt-resistance 
which will operate a given relay shall remain a constant. 

In the event of the use of track-circuiting for automatic signalling it 
is particularly necessary that the track controlling thc last signal should 
overlap the next one by the usual space of about 400 yards. This has 
not been done in all cases that I have seen, and the absence of this 
overlap is to my mind a rather serious matter. 

Mr. H. G. Brown (іп reply): To avoid repetition I will deal with 
the various points brought out by the discussion under their headings, 
instead of answering the speakers seriatim. 

Economy of Power.—The energy required for the operation of a 
system of automatic signals is used for the production of the “ clear or 
go-ahead " indications. Тһе “ danger or stop " indications are obtained 
by the interruption or withdrawal of the energy producing the * line 
clear or safety" signals. The armature of a relay and the semaphore 
arm of a signal ро to the danger position, ог go to a position that causes 
a danger signal to be given, by means of the force of gravity. Тһе 
movement due to gravity must be reliable, and the weight required to 
obtain reliability depends largely on the design of the apparatus. To 
enable the system to operate, sufficient power inust be applied to raise 
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these weights in a reasonable time. Economy of power may be ob- 
tained bv decreasing the necessary work, providing the reliability of 
opcration is not sacrificed. А steam railway track circuit can be reliably 
operated by maintaining a potential of from o2 to o'5 volts between 
the rails. 

On an electric railway both the traction and the signal currents may 
make joint use of one at least of the track rails. The presence of both 
currents in the conductors forming the track circuit is a normal condi- 
tion on a railway using the track as a return, and although abnormal on 
а system with a return conductor rail, it exists with sufficient frequency 
to warrant a similar treatment of both systems from the signalling stand- 
point. It is essential, however, that the signal apparatus must be in a 
certain mauner unresponsive to the traction current, that is, it must be 
impossible for the traction current to cause a false “section clear” 
indication. 

In the direct-current system obtaining this result, the potential 
between the rails must be greater than one-half the potential drop within 
the limits of the track section caused by the traction current. This 
minimum track circuit potential value is necessary to insure an unin- 
terrupted exhibition of the “line clear" indication when the section is 
unoccupied. 

It is unnecessary and therefore unwise to use more power for a 
sgnal system than is required to meet the above conditions. 

Storage and Gravity Batteries.—The following are three methods of 
using batteries for track circuiting: the gravity battery, the portable 
storage battery, and the permanent storage battery charged from mains 
гип to the battery locations. Which scheme is used depends on the 
size and importance of the installation and other local conditions. Рег- 
manently located storage batteries with a system of charging mains 
would be cheapest and would give the best results on a four or six track 
line having short sections and a frequent traffic, while the gravity 
battery would be a more economical means of obtaining power оп a 
line carrying a relatively small traffic with long distances and requiring 
а small amount of power per unit of distance. The use of storage 
batteries is to be preferred in intermediate cases where there may be 
uncertainty as to which would be cheapest. 

Пе Relay.—The efficiency of the track circuit will be increased by 
the reduction of the difference in value between the armature pick-up 
and drop points. This reduction can be obtained by the use of the 
moving coil relay, although the difference cannot be entirely removed. 
An application for a patent has been made to cover the use of this type 
of relay, in connection with a track circuit to obtain the benefits of the 
prixciple involved. 

The platinum to carbon contacts do not “ give freedom from light- 
mng,” but prevent the contacts fusing together when subjected to 
intense extraneous currents. 

The back contact pressure of the standard steam railway relay 
described is approximately 25 grammes. 
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It is universal practice to adjust relays by the milliamperes passing 
through them. I believe it is better to use a voltmeter in multiple than 
a milliammeter in series when the relay is in service on a track circuit. 
Тһе calculations are simpler and the condition of the circuit is more 
graphically evident. I most heartily join Mr. Sayers in his wish that 
the operation of the relay could be independent of weather conditions 
and the value of the effective rolling shunt could be always the same. 

Ballast Resistance. —In actual practice the minimum ballast resistance 
will be found to be from 4 to 12 or 18 ohms per thousand feet. With 
fang bolt construction in normally wet and poorly drained places it is 
not unusual to find but т ог 14 ohms per thousand feet. There are 
many long track circuits working satisfactorily for main line traffic that 
have a total resistance between rails of only one quarter or one half 
ohm. Ihave made many ballast resistance tests to find out whether 
or not the resistance varied with the potential used, but I have never 
obtained results that led me to believe this was the case. Ш there is 
any difference up to, say, 7 or 10 volts, I think it is so small as to be 
practically of no importance. 

Rail Resistance.—The resistance of an 85-1. rail is approximately 
o'o1 ohm per thousand feet. The total rail resistance of a track circuit 
varies. The total resistance of the bonds is usually greater than that of 
the rail itself, particularly so when short rails are used. Тһе variation 
is caused by the varying resistance of the rail joints. Тһе total гезїз- 
tance will never be less than that of the rail only, and ncver as great as 
the resistance of the rails plus the bonds. Тһе resistance of an un- 
bonded joint may be anything from practically nothing to an ohm or 
two. I once tested a joint carrying heavy traffic that was tightly 
bolted up and had a maximum resistance of 15 ohms. Any result 
from a very low resistance to the maximum mentioned could be 
obtained by tapping it with a sledge hammer. The better the bonding 
the better the results. 

Insulating Фот and Copper Bonds.—In my experience a copper 
bond properly installed gives no trouble whatever, due to electrolytic 
or chemical action. I should think that the case mentioned where a 
wooden joint pulled apart and the rails separated two inches should 
be considered a criticism of the permanent way construction or 
maintenance rather than of the wooden joint. 

бапа.— Ц is evident that there must be a more or less intimate rela- 
tion between the vehicle and the rails. But it is impossible to say 
without knowing the exact conditions existing at the time, in the case 
mentioned by Mr. Sayers, whether or not the difficulties encountered 
were insurmountable. In my personal experience I have never known 
a case when these difficulties could not be overcome. 

Overlap.—An overlap is absolutely necessary to insure safe working. 
In no case should it be possible for a signal to go to the safety position 
until the tail of the train has passed a certain distance beyond the next 
signal. 

The length of this overlap should be determined by the braking rate 
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and maximum speed of the trains. It is usual practice to take the 
distance required to stop a train travclling at maximum speed by an 
emergency application of the brakes made when passing the signal, and 
to add, say, 25 per cent. as a factor of safety. Тһе distance is not 
always the same at all signals, as it is altered by the alignment and 
grade. This allowance is amply sufficient, as it is reasonable to assume 
that the application of the brakes will be made before passing the 
signal, if at all, unless the automatic stop is in use. If the overlap is 
short the signal need not go to danger until the front end of the train 
has reached the release point of the previous section, but if it is long it 
is better to make the overlap absolute, that is, the signal is put to 
danger as soon as the front end of the train passes it, causing both 
signals to be at danger while any part of the train is in the overlap. 

Extraneous Currents.—The time available is insufficient for ап 
exhaustive treatment of the effects of ехігапеоив currents оп the track 
circuit. И is extremely unlikely that the total return drop of а 
train system would ever be felt on a single track circuit, though it is 
often the case that extraneous currents create a potential between thc 
rails of a sufficient value to interfere seriously with the operation of the 
system. It is evident that this potential need not be very high to 
accomplish this result, because the normal track potential is less 
tban a volt. 

Generally, this interference tends towards the interruption of traffic 
onlv, but under certain conditions it may cause the exhibition of falsely 
clear indications when the section is occupied, unless a system which is 
safeguarded from the dangerous effects of these influences has been 
adopted. Such a system should be chosen for localities where trouble 
may occur from these causes. 


Mr. Brown. 


The PRESIDENT: I now ask you formally to convey your thanks to The 


Mr. Brown for his paper, and for giving in his reply some of the 
additional information asked for in the discussion. 
The resolution of thanks was then put and carried with acclamation. 
The meeting adjourned at 9.40 p.m. 


President. 
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BIRMINGHAM LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


R. A. CHATTOCK, Member. 


(A BSTRACT.) 
November 21, 1906. 


I am decply sensible of the honour you have done me in placing 
me in the position of Chairman of this Section of the Institution, an 
honour for which I fcel the highest appreciation. I can assure you 
that it will be my earnest endeavour to maintain the high tone which 
has always characterised the Birmingham Local Section, both as 
rcgards the papers to be presented before it and as regards the dis- 
cussions upon those papers. 

When we look down the list of names comprising the Members, 
Associate Members, and Associates in our Section, we come across a 
considerable number of gentlemen who are connected with the 
educational side of electrical engineering—gentlemen who are holding 
some of the highest positions in the educational world. I think you 
will all agree with me that our Section is to be warmly congratulated 
upon this fact, more especially because these gentlemen have asso- 
ciated themselves to a very great extent with the furtherance of the 
interests of this Section. 

Such men are not specialists іп any one branch of electrical 
engineering in the Same way that most of usare. They keep in touch 
with—in fact, many of them are responsible for—the latest develop- 
ments in the electrical industry, and they have to be thoroughly 
conversant with all branches of that industry in order to train the 
young engineers who pass through their hands. We all know how 
important education is to the young engineer at the commencement of 
his career, and it is here that we reap the benefit of being associated 
with gentlemen who are connected with the educational side of the 
profession. 

Necessarily we are all becoming specialists in one branch or 
another of our profession. Personally, I have myself specialised for а 
considerable number of years now in that branch dealing with electric 
supply, and as this branch has recently been making very considcrahte 
strides in Birmingham, it may be of interest to the members to c ma a 
few remarks upon the considerations governing this development, 

In one way Birmingham is to be congratulated upon Yay DE 
delayed the development of its electrical supply until the present t.ine. 
By so doing it has been able to see how electric supply has been 
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developing in other large centres of commerce, and it has been in the 
position to start afresh, and to make provision for dealing with the 
enormous power supply that it is confidently anticipated will be 
required in its area. It has also been able to adopt the most modern 
and efficient types of machinery for giving this supply, and to propor- 
tion the size of its units in accordance with the demand that may be 
expected. 

Already, although the first instalment of the general scheme is 
barely completed, our large manufacturers are looking carefully into 
the question of adopting electrical power for driving their works, and 
they are doing this not in a hesitating way, such as by installing a few 
small motors in their works, but many of them are considering the 
installation of some hundreds of horse power, varying from two or 
three hundred to as much as fifteen hundred. It would thereforc 
appear that the spirit in which Birmingham is dealing with its 
electrical supply is being appreciated by its citizens, and there is every 
indication that the policy adopted is a right one, and will eventually 
tend greatly to increase the welfare of the city. 

As an initial reason for developing this large scheme of supply 
Birmingham had its tramways, which it was decided to electrify, and 
by obtaining such a load upon its new station it assured itself 
of an immediate return upon a considerable proportion of its capital 
outlay. 

The city is, however, as I have mentioned, confidently anticipating a 
very much larger demand than even its tramways can give it, and 
а demand which has a very much better load factor than that of a 
tramway supply. The importance of this will be recognised when it is 
pointed out that in many manufacturers’ works a load factor as high 
às 60 per cent. can be obtained, whilst the load factor on a tramway 
supply averages about 25 per cent. 

The great benefit of a high load factor in reducing the total costs is 
now well recognised, and it is only fair to those users who operate with 
such a high load factor to give them the full benefit of the reduction in 
the costs, by charging them a low price for the current. 

By following up this policy and offering inducements to large 
power consumers to take a supply of electric power—inducements 
which are perfectly legitimate—there is no doubt that an enormous 
supply business can be built up and made remunerative in an area such 
as we are considering. 

In the foregoing remarks I have called attention to the development 
of a supply for power purposes ; I think, however, that the question of 
а supply for lighting should not be lost sight of. In connection with 
this, it would appear that the public have been very quick to recognise 
the great advantage of using lamps which have a higher efficiency than 
that of the ordinary incandescent lamp. I refer, of course, to the 
“tantalum ” and the “ Nernst” lamps, which are now established on a 
thoroughly commercial basis. 

The current consumption in these lamps is roughly 14 watts per 
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candle-power, as compared with 34 to 4 watts per candle-power in the 
ordinary incandescent lamp, and although in some cases by the adoption 
of these lamps the amount of current sold to certain consumers is 
reduced, yet there is no doubt that this cheaper form of lighting is 
popularising the use of electric light, and many people arc increasing 
the quantity of light they use now they find they can get it at a cheaper 
rate. It песа not therefore be feared that the smaller consumption 
per candle-power will make any real difference to the business of the 
supply company, but, on the contrary, I am of the opinion that busi- 
ness will be considerably stimulated by this development. 

I should also like to mention to you another form of lighting, which 
is now beginning to come to the fore in connection with factories and 
workshops, that is, the “ Cooper-Hewitt" or “mercury vapour” lamp. 
This lamp really consists of an electric arc passing through mercury 
vapour in a vacuum tube. It has the peculiarity that there are no red 
rays produced in the light given off, and the general effect is somewhat 
ghastly until one gets used to it; it is, however, one of the most 
efhcient forms of lighting that we have, the consumption being from 
half to three-quarters of a watt per candle-power given off. In 
addition to this the light is so well diffused, being considerably whiter 
than ordinary daylight, that it is possible to see round a corner with it. 
The advantage of this in a workshop will be very apparent when it is 
remembered what intense shadows are thrown by ordinary arc light- 
ing. Many workshops in the country are now being fitted up with this 
form of lighting, and there will shortly be some in this city. The 
results obtained are, I understand, giving the highest satisfaction both 
as to the quality of the light and the economy in the consumption of 
current. The absence of attention necessary is also another point іп 
its favour, there being no trimming required, whilst the life of the 
lamps is anything from one to two thousand hours. 

Turning now to the development of the supply undertaking, the 
first point to consider in connection with the general scheme of supply 
was that of the existing supply and how it could best be worked in. 

The existing supply was a direct-current one, given by means of a 
3-wire network at a pressure of 440 volts across the outers. The 
greater portion of this supply was confined to the centre of the city, 
only one of the outlving residential districts being equipped as well. 

The existing generating stations were completed up to their full 
capacity, and a very considerable capital outlay was involved in them, 
which it was inadvisable to discard. 

Ав a convenient site for a large power station was obtainable near 
to the existing generating stations, it was decided that the best way to 
deal with the increased demand that was expected from these generating 
stations was to give a bulk supply of low-pressure direct current from 
the new power station to each of the existing generating stations, and 
to use these generating stations for dealing with the peak load only. It 
was found economical to supply direct current in bulk in this way 
rather than to supply high-tension current and transform it on site, 
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This point therefore necessitated that a certain proportion of the 
machinery at the power station should be of the direct-current type. 

In the outlying districts of the city, which have up to the present 
never been exploited, it was decided, for the sake of uniformity, to give 
а direct-current supply at a similar pressure to that in the centre of the 
city. For this purpose the city was mapped out into five districts, and 
a centre was chosen in each district, at which a sub-station was erected, 
from which it was arranged to distribute the current. 

These various centres are roughly located at a radius of about three 
miles from the power station, and in order to supply them economically 
it was necessary to utilise high-pressure current. A 3-phase alternating 
current at a pressure of 5,000 volts was decided upon as being the most 
suitable for this purpose, and a periodicity of 25 cycles per second was 
adopted in order that it might be possible to use rotary converters for 
transforming the current in the sub-stations. This rather low period- 
icity was considered necessary on account of the considerable fluctua- 
tions in the load that are expected by reason of the large demand for 
power. 

Rotary converters were chosen for the sub-stations on account of 
lheir very much higher efficiency over an alternative of motor- 
Renerators, with which latter, of course, a higher periodicity could 
be used satisfactorily. 

The fact that direct-current generating plant was required in the 
power station for the bulk supply to the other generating stations 
led to the decision to give a local supply for lighting and power 
Purposes in the immediate neighbourhood of the power station by 
means of direct current. By so doing the losses in transformation in 
this district were obviated. 

It will thus be seen that a direct-current supply is available for all 
ordinary distribution purposes for lighting and power throughout 
Practically the whole of the city, and the cables used for distributing 
this current have been installed of sufficient size for all ordinary 
requirements in the districts. 

It was felt in the case of large manufacturers, who might require 
a considerable supply of power, that it would not be economical to 
give such a supply by means of the ordinary distributing network. 
The question of pressure regulation of such a network would be 
interfered with to too great an extent. 

lt was therefore decided to deal with all large manufacturers' 
demands by means of high-tension current supply, and for this 
Purpose eventually a high-tension ring main will be run completely 
round the city, joining up the various sub-stations, and looped into 
the various large works where the supply is required. 

In these works it is proposed to transform the high-tension current 
by means of static transformers into low-tension 3-phase current, 
by means of which a supply will be given to 3.phase motors in 
the works. Sanction has been obtained from the Board of Trade 
for a supply to be given in this way. 

VOL. 88. 9 
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The fact that direct current was available in such a number of 
centres in the city suggested the advisability of splitting up the supply 
to the tramways into districts. In this way less interference from 
possible breakdowns is anticipated, and arrangements have been made 
so that, should the supply in any one district fail, the other districts can 
take it up between them. Тһе power station has therefore been 
equipped with a certain amount of direct-current machinery for giving 
a supply direct to the tramways within a radius of about two miles. 
The sub-stations have also been equipped with distinct rotary con- 
verters for giving a supply to the tramways within their own districts. 
The tramway feeder cables emanating from the power station and 
from the sub-stations are linked up at various points so that an 
emergency through supply can be given should there be a failure 
in any one district. I trust that this short review of the points 
governing the development of electric supply in Birmingham will be 
of interest to the members. It has certainly been a most interesting 
problem to work out, and I hope I have made clear the various points 
in connection with it. 
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LEEDS LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


GEORGE WILKINSON, Member. 
(ABSTRACT.) 
October 25, 1906. 


At the outsct of my address I desire to thank you for the honour 
conferred on me by my election as Chairman of the Leeds Local 
Section for the Session 1906-1907. It will be my earnest endeavour, 
with the loyal and hearty co-operation of the Committee, to secure the 
further growth and useful development of our Section. 

As a supply station engineer much of my time is taken up in 
carrying out the varied duties connected with the supply of electrical 
energv, and in endeavouring to solve, іп the most direct and economical 
way, problems that arise in connection with such supply. Such solu- 
tions are necessary if the substantial benefits which electricity can 
furnish are to be available at a price which all can afford to pay. 

Considering, first, the power station. It will often be found that 
while reasonable economy is secured in the generator room, and care 
is taken to employ efficient plant and skilled labour therein, the boiler 
house, being a less congenial sphere, is a department that receives less 
attention, and the details are not so carefully considered. An investiga- 
tion of supply station records will show that from half to four-fifths of 
the works’ cost of generation is incurred in the boiler house, and this is 
chiefly for coal; it is therefore obvious that where a fixed sum must be 
allocated annually for the repayment of capital charges, the only possible 
chance of cheapening the cost of production to any substantial extent 
lies in reducing the consumption of coal. 

The free use of steam traps is a source of heavy loss in some 
generating stations. Due to their liberal use and to the scattered 
Positions they occupy, the hot water they discharge is frequently led 
into the nearest drain and runs to waste. A long experience has shown 
that an equally satisfactory and more economical arrangement is to 
connect all the water separators, valve casings, cylinder jackets, &c., to 
а small pipe, from which steam is taken to operate a bank of boiler 
feed injectors. By this means all the steam required to work the 
injectors is derived from points where condensed water collects and 
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it is thus all saved and expeditiously carried back with the steam 
through the injectors direct into the boilers. The injectors used 
should be of varied sizes, the smallest, when at work continuously, 
being equal to feeding the boilers on low loads. One steam trap of 
suitable size is provided at the end of the injector block, and this trap 
comes into action during the short and infrequent intervals when the 
injectors are out of action for repairs. Another advantage of this 
arrangement is, that the large and often wasteful steam-driven fced 
pumps can be shut down and maintained as reserve plant. 

An economical stand-by boiler-feed arrangement is obtained by 
employing three throw pumps driven by electric motors and fitted 
with variable stroke gear which allows the use of a constant spced 
motor and permits the graduation of the stroke of the plungers from 
the maximum to zero, or vice versá whilst in action. Ап indicator 
should be fixed on each pump to show the amount of water delivered 
per hour. 

A further easily realised and very substantial economy is to employ 
water of steam temperature to feed the boilers. Effective plant for 
securing steam temperature feed is simple, casily applied, and neither 
costly nor cumbersome, and its adoption will secure an increased 
economy averaging at least 7 per cent. Where steam temperature feed 
water is introduced, a further step in point of output and efficiency may 
be expected if the boiler furnaces are enlarged and fitted in every case 
with a brick arch so that the flames do not directly impinge upon the 
heating surfaces. This will not only reduce the smoke, but will raise 
the furnace temperature and increase the steam output of the boiler. 

Practical objections to such enlarged furnaces аге (151) the difficulty 
of covering the bars with fuel, (2nd) the liability of the fire to burn in 
holes. These objections, I think, may be efficiently met in tubular 
boilers, Бу employing the well-known chain grate bars of extra length 
and width, and in Lancashire boilers the most effective remedy appears 
to be the removal of the furnaces from the narrow flue tubes to the 
front of the boiler, larger furnaces being built out on the boiler front 
with wrought iron plates well lined inside with firebrick and provided 
with firebrick arches, and on the outside by ordinary brickwork, a 
cavity being formed between the outside brick lining and the metal 
shell of the furnace. Air for supporting combustion will be drawn 
through this cavity entering by an aperture located over the furnace 
and round the sides thereof, thereby picking up any waste heat and 
passing at a high temperature through the grate bars to the fuel. By 
these methods not only will a higher furnace temperature be reached, 
but the heat upon the boiler plates will be better distributed and the 
ebullition area thereby extended. 

So long as carbon filament lamps continue to be used and in viesw 
of the improvements in efficiency and grading which will be effected 
in these lamps in the near future by British manufacturers, it is 
important that more uniform pressure should be obtained upon 
electricity supply mains. My experience is, that pressure regulation 
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Бу automatic apparatus is the only satisfactory and effective method of 
obtaining good and dead beat regulation. In addition it is necessary 
to have distribution mains of ample section, as pressure regulators can 
maintain uniform pressure only at predetermined points upon the 
network. Тһе too frequent practice of increasing the pressure to 
an excessive degree at feeding points, in order to compensate for 
abnormal drop upon the distribution mains, is to be strongly con- 
demned ; the proper remedy for poor lighting at the extremities of 
distribution mains is to put down more copper. 

Works which still give a low voltage supply—say, near 100 volts— 
are likely to reap a rich reward in the near future, as the consumers 
are in a position to obtain the economic benefits offered by the new 
metallic filament incandescent lamps. I have had lamps of this type 
in use in my house since July last, each giving a light equal to 32 
British candles for an expenditure of under 40 watts. With current at 
3d. per unit, and including the extra retail price of the metallic filament 
lamps as against the carbon lamps, and assuming an average life of 
650 hours only for the metallic filament lamp, the relative cost comes 
out for 32 c.p. lamps for the боо hours at 115. in the case of the former 
as against 17s. 94. for the latter. As far as I can judge from results in 
my house, thc useful life of the metallic filaments will average at least 
double that of the carbon lamps, while they are not so sensitive to 
voltage variation, give a more brilliant quality of light, and the bulbs 
on normal voltage do not blacken, hence the candle power is more 
uniform throughout the life of the lamp. 

The question of tariffs is опе which might with advantage be con- 
sidered by an organisation representative of the whole supply industry. 
The issue of recommendations by such an organisation would be useful 
to engineers, and especially to directors and committee-men, many of 
whom appear to be in utter ignorance of the fundamental principles 
governing the vital question of tariffs. 

In my view the adoption of flat rates with graduated discounts, 
according to the number of units uscd during a specified period, is 
fundamentally wrong. Such a tariff cannot be fair and equitable ; 
customers who are quite unprofitable may get a substantial discount, 
while customers who are exceedingly profitable to the supplv may get 
а very small discount. Attempts to get over this inequality of treat- 
ment duc to flat rate tarifís have been made by varying the discounts 
according to the class of consumer under consideration, but this is only 
lessening the evil and is in no sense a сиге. Again, there is often a big 
discrepancy in the prices cbarged for lighting and for power, the 
former being frequently too high, whilc the latter is certainly often 
too low. 

The present alternative to the flat rate is the well-known maximum 
demand tariff, which is a more equitable method. Inasmuch, how- 
ever, as the method of calculating the amount due is unintelligible 
to many consumers, it has become unpopular ; moreover, a customer 
charged on the maximum demand tariff does not know until the end of 
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the quarter, or the half-year, to what extent he will benefit, or, in some 
cases, he does not know if he will benefit at all, as this is not determined 
until the quarter or half-year has expired, whilst he is often nervous 
about switching on his lamps lest he should increase his maximum 
demand. 

In some cases demand indicators have been used to develop 
business in its early stages, but when the business has reached a 
point at which the engineer can afford to make a change, a flat rate 
tariff has been introduced and the demand indicator system abolished. 
The change, while simplifying the accounts and appealing as it does 
by its simplicity to the consumer, has no serious prejudicial effect upon 
the receipts, asthe losses made on some consumers are counterbalanced 
by the extra profits obtained from others. This condition of affairs is 
satisfactory so long as the supply authority is content to make excessive 
profits on some consumers and to apply a part of them in making up 
the losses on other consumers; but the former are likely to rest 
content with flat rate tariffs just so long as they remain in ignorance 
of the true condition of affairs, and no longer. 

The chief factor in the cost of supply is made up by the “ fixed 
charges"—exactly how much this is per annum is easily ascertainable 
in every case, and it probably varies from year to year. Each con- 
sumer should be charged his fair proportion of this sum. The exact 
amount to be paid should be recorded on each consumer's premises, 
not in the form of so many units chargeable for halí-year at an 
increased price per unit, which is the clumsy and perplexing method 
of the demand indicator, but by an instrument which records the 
consumer's proportion of standing charges clearly in £ s. d. 

The remaining item in the total cost of supply is the “ generation 
cost," which is by far the smaller item and is practically a uniform and 
unvarving cost per unit, to cover which a very low flat rate can be 
fixed. Considerably less than 1d: per unit will cover this item, and 
also afford ample profit to the supply authority. 

As illustrating the present wide divergence in the matter of tariffs, 
I set forth below the published scales of charges of four of the largest 
and most important municipal undertakings in the country, which 
may be taken as fairly representative of the whole kingdom. These 
I designate A, B, C, and D :— 

А. The rate payable by a consumer for a supply of electrical energy 
for lighting in any one establishment (whether used direct from the 
mains or through a motor generator or other apparatus) shall be 
34d. for each unit up to 3,000 units per quarter, 3d. for cach unit in 
excess of 3,000 units to 10,000 units per quarter, and 24d. for each unit in 
excess of 10,000 units per quarter. А reduced rate shall be charged for 
electrical energy supplied for power or for cooking or heating when 
measured by a separate meter—namely, 2d. for each unit up to 3,000 
units per quarter ; 14d. for each unit in excess of 3,000 units per quarter 
to 10,000 units per quarter ; and та, for cach unit in excess of 10,000 
units per quarter. 
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B. Electrical energy used for lighting : For first 300 units per 
quarter, 5d. per unit; for any further quantity used in the same 
quarter, 334. per unit. Electrical energy used for long hour lighting : 
For first 300 units per quarter, 3d. per unit ; for any further quantity 
used in the same quarter, 2d. per unit. 


NoTE.—This special low lighting rate has been fixed to 
encourage a day load, and is for the benefit of consumers who 
use their supply of electrical energy for lighting during a large 
number of hours per annum. 

In order to avail themselves of it consumers will be required to 
enter into an agreement in which they guarantee a minimum 
payment of £15 per annum for not more than 12 16-c.p. lamps, 
or their equivalent, connected to the circuit; a further guarantee 
of 25s. per annum for every additional 16-c.p. lamp, or its 
equivalent, connected to the circuit will also be required. 
Current reckoned at the above rate per unit can be used up to the 
value of the sum guaranteed, any additional current being charged 
at the same rate per unit. 

Consumers will be required to have all lamps so guaranteed con- 
nected to a circuit kept distinct from the ordinary lighting supply, 
and a separate meter will be installed upon this circuit. 

Should апу alteration be made in the number or candle-power of 
the lamps so guarantecd, notice must be at once given to the 
Department, or in default the consumer will be liable to have the 
supply charged at the Department's current rates for ordinary 
lighting purposes. 

Electrical energy used for motors : For first 300 units per quarter, 
2d. per unit; for any further quantity used in same quarter 
up to 3,000 units, 144. per unit. Where 3,000 units or over are 
used per quarter (after the first 300 units at 2d. per unit), 144. per 
unit. 


C. Private lighting: Maximum demand system, with initial charge 
of 44d. per unit with daily average of 14 hours and 234. per unit after, 
or flat rate of 44d. with discounts from 24 to 444 per cent. Power and 
heat: Maximum demand system, 24d. per unit for daily average of 
11 hours, and 14d. after, or flat rate of 244. per unit with discounts 
from 5 per cent. to 65 per cent. Traction supply: 134. per unit. 
Special purposes : Ship yards with 30 per cent. load factor, 144. to 
4d. per unit. 

D. Charge per unit: For lighting, 54d., or a fixed charge of £7 
per annum per kilowatt.of maximum demand and 134. per unit ; for 
motors, 14. to 13d. per unit according to hours of user. 

The perusal of these tariffs will, I think, be convincing proof that 
present-day methods of charging are unsatisfactory, and they must 
appear unintelligible and chaotic to the general public. 

Ап ideal tariff would fulfil the following conditions :— 

1. Protect all consumers from unfair or excessive charges, 
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2. Secure from every consumer a reasonable and readily assessable 
profit to the supply authority. 

3. Be applicable without variation to all conditions and for all 
purposes for which electrical energy is used. 

4. Be capable of easy explanation and its equity should be apparent 
to all persons of average intelligence. 

In conclusion, may I express the hope that the Session upon which 
we are entering тау be a progressive and beneficial опе; as you аге 
already aware from the published programmes, the meetings (with a 
view to extending the influence and benefits of the Section, and also to 
afford the distant members facilities for taking part in our proceedings) 
have been arranged to take place in several important cities and towns 
covcred by our centre. 

I trust the result will be an increase in the attendances and a full 
and free discussion upon the interesting and useful subjects which 
are to be brought before us. 
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MANCHESTER LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 


THos. L. MILLER, Member. 
(ABSTRACT.) 


November 20, 1900. 


In his interesting address at the commencement of last Session, Mr. 
Pearce, in referring to the benefits of efficient technical training which 
students of the present day enjoy, pointed out that much of the benefit 
30 derived would be lost unless it had a practical application. Without 
entering into a discussion as to the best method of education and train- 
ing of engineers, I should like, as briefly as possible, to touch upon one 
or two points which I do not think have received the attention they 
merit. 

The idea held by so many in the early days of the technical educa- 
tion movement that the various universities and technical colleges 
would be able to turn out engineers equipped not only with the 
necessary technical knowledge, but also with the works’ experience 
gained in the college shops is now almost if not entirely dead in this 
country, although this system of training has been adopted to a 
considerable extent in the United States. 

The function of a shop training is to make the student familiar with 
the operation of machine tools and appliances under actual conditions 
of work on a commercial scale, and to teach him how labour must be 
organised in order to produce the best possible results at the lowest 
Costs, 

To become a successful engineer something inore is required than 
mere technical ability and workshop skill, for, unless a man is endowed 
with what I would term the commercial instinct, he is not likely to 
attain to great prominence in his profession. It is not enough to be 
able to design the most perfect machinery, unless such machinery can 
he produced at a price that will compete with the productions of rival 
manufacturers, and to do this it is not only necessary that we should 
know the cost of producing the machine, but also the cost of cach step 
In the process, as it is only by comparing the actual cost item by item 
with the estimated cost that wasteful methods can be discovered and 
eliminated. 

lam fully aware that many firms object to the members of their 
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technical staff having anything to do with the estimating department, 
but this, to my mind, is a very narrow view to take, as unless the man 
responsible for the design is enabled to follow the work in the shops 
and check the cost of each step in the process of manufacture, it cannot 
be expected that the most economical results will be attained. 

There are, of course, considerable difficulties in the way of obtaining 
a knowledge of the business side of engineering, but much could be 
done, I think, if the various universities and technical colleges could 
arrange for courses of lectures, preferably in the evenings, dealing 
with, say, the Principles of Estimating. Lectures on commercial law, 
with special reference to drawing up of specifications and the making 
of contracts, would also be of invaluable assistance and would no doubt 
be the means of avoiding Icgal disputes which so often follow loosely 
drawn-up specifications and contracts. 

As Mr. Pearce pointed out last year, there are many branches of the 
profession, and we cannot become specialists in each. In my illustra- 
tions I have laid particular stress on the “ works” side, as that is where 
most men leaving the universities and technical colleges will go, but 
the same argument applies practically to all branches. 

In promoting the advancement of engineering science it is gratifying 
to note that the various institutions do not limit themselves merely to 
the publication of the papers read at their meetings with the discussions 
thereon, but that, in addition, they have carried out, by means of 
committees of the institutions, research, and other, work of interest to 
the profession at large, from which most important results have 
accrued. 

Our own Institution has done good work in preparing a model form 
of general conditions of contract, which although not generally adopted 
has been of considerable value in showing the lines upon which such 
general conditions should be drawn ; and in drawing up a set of rules 
embodying the requirements апа precautions to be adopted in wiring 
buildings to be supplied with electrical energy. These rules are at 
present under revision, and it is hoped that when issued the new rules 
will be adopted not only by electrical engineers but also by the fire 
offices, who are so greatly interested in the subject. 

In this connection I would point out that the Institution represents 
the profession, and that it is the duty of cach and every one of us, if we 
wish to see our profession take the position we consider it should. do 
among the learned professions, not only to support it by our member- 
ship, but also by attending its meetingsand by contributing the results of 
our experience or observations by reading papers or by taking part in 
the discussions. 

Dealing now with the question of electricity supply, it may be 
remarked that the most serious problem coníronting the central station 
engineer of to-day is the reduction of price at which electrical energy 
сап be profitably sold to enable him successfully to compete for new 
business. 

The cost of generation and distribution is now so low in the 
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majority of towns that it is only by an increase in the volume of the 
business that any substantial decrease can be looked for in the price at 
which the electrical energy can be profitably sold. This, of*course, is 
due to the fact that the standing charges do not grow at the same rate 
as the generating costs. 

Up to the present the attention of those in charge of electricity 
undertakings has been more particularly directed to the reduction of 
the working costs, the securing of new business being largely left to 
the wiring contractors, it being found impossible in the great majority 
of cases for the engineer, with the small staff at his disposal, adequately 
to canvass the district. 

During the past year or so, however, a change has been taking 
place, and much more attention is now being given to the obtaining of 
new consumers, and a special department is being organised in some of 
the larger undertakings for this purpose. Іп the United States this 
side of the business has been developed to a much greater extent 
than over here, but the conditions differ so greatly that I fear the 
methods adopted there are hardly applicable to the conditions pre- 
vailing here. 

The hiring out of motors, the free supply of incandescent lamps, 
and the (so-called) free wiring of consumers’ premises, have each been 
adopted with varying degrees of success in this country as a means of 
increasing the volume of business, the hiring out of motors being 
probably the most successful. 

The further methods now suggested are the arranging of per- 
manent exhibitions of the most up-to-date electrical appliances; the 
advertising of the advantages to be derived from the use of electrical 
energy ; the circularising of possible consumers ; and the appointment 
of canvassers for new business. These are all excellent methods of 
dealing with the problem, and I have no doubt that their adoption will 
be attended with a considerable measure of success. 

Another factor tending to keep up the price of electrical energy is 
that of the capital charges, which constitute such a heavy burden on 
most undertakings, and more particularly so in the early years of their 
Existence. In some of the older works put down, when prices were 
much higher than they are at present, and where a purely lighting, or a 
lighting and small motor load, is dealt with, the effect of the capital 
charges is very severely felt, and the margin of profit is extremely 
small indeed. Іп addition to this, there is the vexed question of depre- 
ciation, which is continually cropping up, and upon which such very 
different views are held, and particularly so as to the necessity of 
providing such a fund in connection with municipal undertakings, 
apart from the statutory contributions to the sinking fund for the repay- 
ment of the principal of the money borrowed. 

Dealing with this question, it may be pointed out that there is no 
statutory obligation to provide for depreciation, there being no mention 
of depreciation in either of the 1882 or 1888 Electric Lighting Acts, nor 
in the 1899 Electric Lighting (Clauses) Act. 
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In the 1899 Act, however, provision is made in Section 7 for the 
application of the money received by the Local Authority as under- 
taker, the disposition of the money so received being provided for as 
follows :— 


1. In payment of working and establishment expenses and main- 
tenance charges. 

2. In payment of interest on loans, or 

3. Providing sinking fund instalments. 

4. In payment of all other expenses of executing the special order, 
not being expenses properly chargeable to capital. 

5. In providing a reserve, if they think fit, by setting aside such 
monev as they think reasonable, and investing the money 
and the resulting income thereof in Government securities, 
in which trustees are by law for the time being authorised to 
invest, other than stock or securities of the undertakers, and 
accumulating it at compound interest until the fund so 
formed amounts to one-tenth of the aggregate capital expen- 
diture on the undertaking. 


This reserve fund, it is further provided, shall be applicable to 
meet any deficiency at the time happening in the income of the 
undertakers from the undertaking, or to meet any extraordinary claim 
or demand at any time arising against the undertakers in respect of the 
undertaking, and so that if the fund is in any way reduced it may there- 
after be again restored to the prescribed limit, and so on as often as thc 
reduction happens. 

It is also provided that the net surplus remaining in any year, and the 
annual proceeds of the reserve fund when amounting to the prescribed 
limits, must be carried to the credit of the local rates, as defined by the 
principal Act, or it may be applied to the improvement of the district 
or in reduction of the capital borrowed lor electricity purposes. Should 
the surplus exceed 5 per cent. of the capital expenditure on the under- 
taking, it is further provided that the undertakers shall make such a 
rateable reduction in the charge for the supply of energy as in their 
judgment will reduce the surplus to that maximum rate of profit. On 
the other hand, any deficiency of income in any year when not met out 
of the reserve fund is charged upon and pavable out of rates. 

From evidence given by Mr. J. N. Kershaw, one of the Assistant 
Secretaries of the Local Government Board, before a Select Committee 
of the Housc of Commons in the 1902 Session of Parliament, which was 
appointed “to inquire into and report as to the statutory and other 
conditious limiting the period for the repayment of loans raised by the 
local authorities," it appears that the principles upon which the Board 
proceed are :— 


I. That the loan period shall not exceed the life of the works, 
and 
2. That the future ratepayers shall not be unduly burdened. 
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It is generally acknowledged that the probable life of certain 
portions of the plant is shorter than the period allowed by the Local 
Government Board for the repayment of the loans, and although twenty- 
hve years has been fixed upon as the equated life of the security in 
buldings, machinery, mains, &c., still it is morally certain that some 
portion of the plant will require renewing before the end of this 
period, whereas the life of the other portions will probably be much in 
excess of the period named. 

To provide for such renewals, and also for the purpose of satisfying 
any deficiency in the income of the undertaking, or for meeting any 
extraordinary claim, the Local Government Board, as I have already 
pointed out, permit the creation of a reserve fund, but limit it to 
10 per cent. of the capital expenditure. 

In the case of a company it is necessary to provide a depreciation 
fund sufficient to renew the asscts at the end of their useful life, as 
unless this is done fresh capital will have to be raised for the purpose, 
or an undue burden will be put on the revenue for the particular years 
in which this occurs. 

With a local authority, however, the case is somewhat different, as 
it is under an obligation to extinguish the whole cost of the plant 
within the period for which the loan is sanctioned. It would there- 
fore appear that where the period for which the loan is sanctioned 
expires before the asset has been worn out the sinking fund instalments 
exceed the proper amount to be charged for depreciation, and that no 
further charge against the revenue will be necessary, as the money 
required for renewing the assets can be obtained by re-borrowing, thc 
previous loan having been paid off. Unfortunately, however, as I have 
already pointed out, the useful Ше of certain portions of the plant is 
»horter than the period allowed for the repayment of tbe loan, and it 
is therefore necéssary to provide a fund in order to renew the plant 
when such renewals are required. Тһе contributions to this fund will, 
of course, depend on the useful life of the asset апа its residual value 
at the end of its useful life, and this will again depend how thoroughly 
the plant has been maintained in efficient working order out of 
revenue, 

Аз bearing on this subject it may be pointed out that the Local 
Government Board allows the following periods for the rcpayment of 
loans for extensions :— 


Cables laid in ducts or on the solid system .. 25 years 
Armoured cables laid direct in the ground... 15, 


Switchboard and switches $us ы ws 25.25 
Dynamos ... zs да ix de 20. % 
Wiring inside buildings T is 45% бе. 920)... Ag 
Steam engines 55 e #5 e ы dA Ж 
Transformers vt SONS as 


Motor transformers, boosters, balancing sets: 
rotary converters ... ves ... es IS o 
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Instruments .. sie - ... IS years 

Motors for шге ог1п pélierating stallions és TO: jy 

Others in shops belonging to the Council se I5. x 
Lamp pillars and brackets for public ES IO ,, 


Batteries and accumulators Sys ы ST us 
Meters and indicators ids m" "ND уз 
Arc lamps (г.с., lamps kemerei кез gee Ой dy 


(Nernst and incandescent lamps and carbons for arc lamps : 
no loan allowed). 


In the “ County of London,” on the other hand, the periods allowed 
for repayment of loans are :— 


Land ... A 55 id Те кз ... 60 years 
Buildings  ... Ns тт -— ae 4% BO. 


For all other purposes twenty years, or, as an alternative, in place of the 
last two terms, а uniform period of forty-two years is allowed for all loans, 
but this term is only allowed on the Borough Council passing a resolution 
to the cffect that if any works fail to be renewed during the currency 
of the term, the cost of renewal shall constitute a maintenance charge, 
and shall not be made the subject of a fresh loan. It will be seen, 
therefore, that {һе determination of the proper amount to be set aside 
for depreciation depends on the type of plant and the care taken in 
maintaining it in efficient working condition, each case having to be 
considered strictly on its merits. 

The item of rent, rates and taxes which figures so largely in the 
balance-sheet of most electrical undertakings, amounting as it does in 
some instances to one and a quarter times the coal costs, is another 
obstacle to the reduction of the price of electrical energy, the 
importance of which cannot be over-estimated. 

Dealing with this question, it may be pointed out that there appears 
to be no settled practice amongst rating authorities as to the basis 
on which the assessment of electrical undertakings for rating purposes 
should be carried out, and we consequently find an extraordinary diver- 
gence in the methods adopted in different districts. In some districts 
the indicated horse-power installed in the electricity works is taken as 
a basis of assessment, while in others the assessment is based on the 
capital expended on the undertaking, the rates per indicated horse- 
power and the percentage to be charged on the capital expenditure as 
also the deductions allowed in order to arrive at the rateable value 
varying to an even greater extent than the methods of assessment. 

More recently, however, the practice has been to adopt the “ hypo- 
thetical tenant" principle of assessment for assessing the rateable value 
of electricity undertakings, and to take the receipts and expenditure as 
the basis of calculation. 

In order to obtain a knowledge of the principles underlying this 
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method of assessment it is necessary to go back to the Parochial 
Assessment Act of 1836, Section 1 of which provides that “no rate for 
the relief of the poor in England and Wales shall be allowed by any 
justices, or be of any force which shall not be made upon the nett 
annual value of the several hereditaments rated thereunto ; that is to 
say, of the rent which the same might reasonably expect to let from 
ycar to year, frec of all usual tenant's rates and taxes, and deducting 
therefrom the probable average cost of repairs, insurance, and other 
expenses, if any, necessary to maintain them in a state to command 
rent." | 

From this it will be seen that the annual rent is the basis of assess- 
ment. As, however, the owner of an electricity undertaking is almost 
invariably the occupier, it is necessary, in order to ascertain the letting 
value, to assume an imaginary tenant, or what in rating phraseology is 
known as the “hypothetical” tenant. 

In the Schedule of the Act of 1836 the term Gross Estimated Rental 
(or gross value) and Rateable Value were uscd, but no indication is 
given as to the method of arriving at these values. They have, however, 
been clearly defined in the Valuation (Metropolis) Act, 1869, which 
defines the terms as follows :— 

Gross Value is “the annual rent which a tenant might reasonably 
expect, taking one year with another, to pay for a hereditament, if the 
tenant undertook to pay all usual tenant's rates and taxes, and if the 
landlord undertook to bear the cost of the repairs, insurance, and other 
expenses, if any, necessary to maintain the property in the state to 
command that rent." 

Rateable Value is "the gross value after deducting from it the 
probable annual average cost of repairs, insurance, and other expenses, 
if any, necessary to maintain the property in a fit state to command 
the rate." 

To arrive at the rent which the hypothetical tenant may be expected 
to pay it is necessary therefore to obtain the gross estimated rental or 
gross value. This is obtained from the latest accounts available, by 
taxing the gross receipts (less bad debts written off), and deducting 
therefrom the ordinary working and management expenses, tenant's 
rates and taxes, and insurance. The net receipts having thus been 
obtained, it is necessary to arrive at a fair division of them as between 
the landlord and the tenant, in order to see how much the hypothctical 
tenant can afford to pay as rent, and for this purpose his working 
capital must be ascertained and a certain sum allowed him for interest, 
trade profits, risk, and casualties, and renewal of tenant's chattels, which 
sum, after being deducted from the net receipts, leaves the gross rental 
or gross value. 

From this gross value certain further deductions must be made 
known as “ statutable deductions," which are the deductions referred 
to in the definition of rateable value hereinbefore given, and the amount 


remaining after such deductions have been made is the rateable 
value. 
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Stated in this manner the assessment of the rateable value of an 
electricity undertaking appears to be a fairly simple matter, Би 
difficulties will be found to arise as soon as the determination of the 
tenant's working capital and of the statutables is taken in hand. 

Dealing first with the question of working capital, it will be con- 
ceded that in order to ensure the successful working of the undertaking 
a tenant must have ample working capital to meet the necessary 
charges for rent, wages, fuel, &c., incurred in running the undertaking, 
and as the consumers’ accounts are usually sent out quarterly, it is 
customary to allow the hypothetical tenant five-twelfths of the working 
and management expenses plus tenant’s rates and taxes and insurance 
to meet these charges. In addition to this, in order to provide against 
strikes or other unforeseen circumstances, the tenant is allowed to 
keep a stock of coal in his bunkers equal to eight weeks’ winter supply, 
so as to avoid a shortage of fuel. Again, in letting the undertaking to 
the hvpothetical tenant the landlord would in all probability make 
inquiries as to the financial standing of the tenant, and it will therefore 
be necessary for him to keep a certain amount of money іп the bank to 
meet unforeseen demands. 

It having been settled by the courts that the cost of meters apper- 
tains to the capital of the tenant, the hypothetical tenant would, in 
addition, have to provide the capital necessary for the purchase of the 
meters, and also for the necessary office fittings and other accessories, 
such as loose tools, lamps, &c. The total working capital would there- 
fore be five-tweltths of the working and management expenses, plus 
tenant's rates, taxes, and insurances, plus eight weeks' stock of coal, 
plus cash at bank, plus cost of meters, office fittings, loose tools, &c. 

On this the hypothetical tenant is allowed 5 per cent. for interest, 
то per cent. for trade profits, and 2$ per cent. for risks and casualties, 
making а total of 174 per cent. which, deducted from the net receipts, 
leaves the gross rental or gross value. 

To obtain the rateable value it is necessary to deduct from the gross 
value the amount of what is known as the statutable deductions, which 
consist of (1) the average cost of repairs and maintenance of plant, 
buildings, and mains; (2) the amount to be set aside to cover waste, 
obsolescence or supercession of plant, buildings, and mains, apart from 
the general up-keep which has been provided for under the head of 
repairs ; and (3) an amount to cover the charges which might reason- 
ably be made for insurances. ‘This, briefly, is the general method 
adopted in the assessment of rateable value on the “hypothetical " 
tenant principle, which, owing to the importance of the subject, I have 
dealt with in some detail. 

It may be pointed out, however, that this principle is hardly appli- 
cable to the early years of most electricity undertakings when the 
receipts are not sufficient to cover all expenses and leave a fair margin 
of protit, as although there is no pecuniary profit it by no means follows 
that there is no rental value ; indeed, as has been pointed out by Boyle 
and Davies (“ Principles of Rating”), “the capital sunk and losses made 
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during the first few years of an undertaking should be regarded more 
in (һе nature of capital than an item for the profit and loss account, 
making up what is called goodwill." 

Before concluding my address I should like to refer to a recent 
decision of the Local Government Board with reference to the charging 
of the wages of permanent employees to revenue although they may 
have been. engaged in carrying out work chargeable to the capital 
account. 

The particular cases to which I refer are those in connection with 
the Bristol and Grimsby undertakings. Іп both these cases men 
emploved on the permanent staff had been engaged т laying new 
mains, and on an inquiry being held by the Local Government Board 
in the matter of the local authorities' application for powers to borrow 
for extensions, the Inspector at the Bristol Inquiry stated that * it was a 
principle of the Local Government Board that the work of all permanent 
emplovees should be chargeable to revenue," a similar notification 
being sent by the Board to the Grimsby Council. 

On the receipt of this notification the Grimsby Council wrote asking 
the Board to reconsider their decision, and pointing out that if such 
labour were charged against revenue it would be a heavy tax on 
the present consumers. In reply, the Local Government Board wrote 

hering to their previous decision, and further stating that “In the 
opinion of the Board those wages, viz, the wages of permanent 
employees engaged in new mains are establishment charges, and 
should not be paid out of borrowed moneys, and it is the Board's rule 
to deduct such payments from the amount of the proposed loan. That 
rule in no way prohibits local authorities from employing their own 
workmen." 

The curious part of this decision lies in the last sentence, for 
according to that, and it was admitted to be so by the Inspector at the 
Bristol Inquiry, the Corporation can contract for the labour and charge 
it to capital, but cannot use their own employees. . 

The effect of this decision will, I think, be severely felt by some of 
the smaller undertakings when there is hardly sufficient outside work to 
take up the whole time of the “ mains” staff, and where by employing 
them in laying services and carrying out other extensions, chargeable to 
capital, a better and more efficient staff can be maintained than would 
otherwise be possible. 

It will, of course, be conceded that the provision of new mains is 
а capital charge, and that as this is made up of the cost of the mains 
themselves and the laying of them, it is somewhat difficult to sce the 
reason for {һе Board's action and more particularly so when by dis- 
charging the permanent men and then contracting with them for the 
laving of the mains the difficulties raised by the Board can apparently 
be overcome. 

There is, however, a certain anomaly in connection with this 
question of loans, as while application has to be made to the Local 
Government Board for electric lighting loans, the Board of Trade is 

Vor, 38, 10 
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the authority whose sanction is required for tramway loans, and as 
there is a duly appointed Electrical Department in connection with the 
Board of Trade it would appear as if considerable time would be saved 
if all electrical matters could be referred to the Board of Trade, who, 
before sanctioning a loan, could ascertain from the Local Government 
Board the extent to which the borrowing powers of the applicant had 
been exercised. 


j 
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NEWCASTLE LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN, 
H. L. RISELEY. 
(ABSTRACT.) 


November 19, 1906. 


It is my first duty on taking the chair to-night to return thanks to 
the members for the honour conferred upon me by them in having 
clected me Chairman of the Newcastle Local Section, an honour which 
l assure you 1 appreciate most highly. In the next place I propose to 
Present for your consideration a few questions of capital expenditure 
оп power supply as likely to provide a suitable subject for an address. 

In a power station one always assumes that the primary duty of the 
engineer is to ensure continuity of supply. The question then arises, 
to what extent Capital expenditure is justified in order to secure such a 
result. Of Course, the engineer in charge will, if he has his own way, 

spend unlimited Money to ensure continuity of supply, and in order to 
add to the efficiency of his station he will also demand more or less 
expensive refinements to aid him in bringing down his costs. А happy 
mean has therefore to be struck in installing plant which will operate 
continuously ang efficiently with the smallest possible amount of 
clearing and repairs, 

Starting with the purchase of land for the erection of a power 
house, the sites procurable will probably be limited in number, but, 
Branting the price to be right, the following are the conditions which 
must govern the final selection of a site :— 


1. That it Should be in a suitable position in relation to the bulk 
Its business. 

„2. That it should be readily accessible for coal supplies and 
Situated as near as possible to the coal-producing arca, so as to 
reduce Carriage charges to а minimum. Accommodation must 
ko be available for storing four or five weeks’ supply of coal 
m such а Position as will permit of the stocked coal being got into 
не hoppers of the boilers with the smallest possible amount of 

ur, 


3 Ample supply of good circulating water must be available at 


a low lift, so as to avoid useless pumping. 
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A point of view which was more often overlooked years ago than it 
is to-day is the effect of the choice of engines and dynamos on the load 
factor, taking into consideration the distribution of the maximum and 
light loads throughout the year. If the maximum load only lasts a few 
hours per year, say, five hundred, it is not good policy to spend a large 
amount of capital on highly efficient plant when with apparatus of a 
simpler kind the end sought for may be attained at less expense. 

This is purely a question of load factor, which in a lighting station 
must be very low, as quite half the plant in the station will only be 
required for about three hundred hours per annum, consequently it is 
most important to keep down the capital expenditure on this plant, as 
the standing charges (interest and depreciation) on the peak load plant 
тау very casily be four or five times the actual working costs. 

Take the cost of a modern power-house equipment at £22 per k.w., 
and the standing charges (interest and depreciation) at 15 per cent., 
then the standing charges per kilowatt-hour as above work out at 
2:6 pence, which is about five times the operating costs, taking these at 
o'5 pence. This figure of course varies proportionately to the capital 
charges per kilowatt, and it is therefore more important to keep down 
capital expenditure on that part of the plant which is only going to be 
used on peak loads than it is to make the plant highly efficient. 

Since the days of reciprocating engines and with the introduction 
of steam turbines the capital charge has been reduced in the ratio of 
about £17 to £5 5s, owing to cheaper apparatus and the smaller 
foundations required. This includes generation plant complete with 
condensers and engine-house equipment. At the present time a great 
reduction can be effected by purchasing plant with a large overload 
capacitv, contractors being prepared to guarantee plant having an over- 
load capacity for two hours of 50 per cent. This, of course, on the 
understanding that the apparatus will operate efficiently at normal 
loads, but not necessarily with equal efficiency at overloads, this latter 
point, however, being of minor importance in relation to the standing 
charges at peak loads. 

As regards condensing plant, no important reduction of expenditure 
upon this is possible, as the apparatus has to work at the same rate 
whether the generating plant is overloaded or not, but assuming a case 
where the whole equipment (generator and condensing plant) will only 
be used on peak loads in emergeucy, a considerable saving can be 
shown. А first-class condensing plant, with air pumps, etc., will cost 
{т per kilowatt, and would maintain a uniformly high vacuum, whercas 
an cjector condenser or one of the barometric type could probably be 
purchased for 5$. per kilowatt. 

As regards the auxiliaries in a power station, I am of opinion that 
the majority of these should be steam driven, as they are cheaper in 
the first place, and the exhaust steam is usually used to heat the feed 
water. In some cases where the supply of exhaust steam from the 
auxiliaries is small, special steps have to be taken to heat the feed water. 
In at least one station the steam is being taken from the third stage of 
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a Curtis turbine, after it has completed some work, in order to raise the 
temperature of the feed water. 

The next point I wish to touch upon is the question of reserve 
apparatus and spare gear necessary for continuous supply of electric 
power. Like all engineering problems, this resolves itself into purely a 
question of costs. From the consumer's point of view, the more spare 
apparatus the greater the certainty of continuity of supply, but from 
the shareholders' point of view, the less capital spent on spare plant 
(which 1s wholly unproductive) the larger the amount of revenue avail- 
able for dividends. So the mean has again to be struck, and only 
suficient reserve plant kept to preserve the supply from unnecessary 
interruption and prevent the prestige of the power company being 
injured. 

As regards generators, at the present day units are so large that the 
standing charges on one large complete unit lying idle are enough to 
cripple the total costs of any moderate sized station, and, seeing that 
the machines of to-day are capable of doing large overloads, it seems 
that the correct thing is to regard the overload capacity of the various 
units as the reserve plant to the generating station. 

The weakest point in any high tension generating station is between 
the generators and feeders, this being the only place in a power station 
where it is absolutely necessary to duplicate the apparatus. I refer 
more especially to the busbars, which are an absolute necessity, not 
onlv for the safety of supply, but also to ensure flexibility of operation. 

The capital expenditure onswitchgear alone appears to have increased 
by so per cent. during the last six years. This is due to the numerous 
satety devices installed and to the larger space now occupied by 
switchboards, as well as to their elaboration, in some cases the 
apparatus being so complicated as to add to the chances of error 
in operating the gear. 

Unfortunately, many up-to-date power companies have to do a lot 
of pioneer work with untried apparatus, which does not always turn 
out a commercial success ; therefore, without being too ambitious and 
overanxious to try new apparatus, engineers should aim at the simplifi- 
cation and reliability of plant, and due consideration should be paid to 
the installation of plant which will run continuously with a minimum 
of attendance and repair. 
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GLASGOW LOCAL SECTION. 


SOME PHENOMENA OF COMMUTATION. 


By Professor F. С. BAILY, M.A., F.R.S.E.,and Мг. W. S. H. 
CLEGHORNE, B.Sc., Carnegie Research Student. 


(Paper read November 13, 1906.) 


In this paper will be described some experiments on the phenomena 
occurring in the process of the commutation of armature currents in 
direct-current dynamos and motors. It 15 a subject upon which much 
has been written, and already much experimental work has been 
carried out. With the theoretical writings the authors do not propose 
to deal, beyond an occasional reference where the experimental results 
corroborate or correct the assumptions of the writers. Some of the 
experimental work to be described is substantially a repetition of 
earlier work, but amplified to more exact determinations, or carried out 
in a different manner. The authors trust to be excused if they fail to 
make appropriate reference to the many papers which have been 
published in many languages. 

` The paper deals with the contact resistance of the brush, the value 
of the brush current, the currents in the short-circuited coils, and the 
electromotive force between the segment and the trailing edge of the 
brush. . 

In equations connecting the currents and E.M.F.'sunder the brushes 
in direct-current machines it is frequently assumed that the resistance 
of the brush contact and brush is a constant, although it has been 
shown by Mr. А. H. Moore, Dr. E. Arnold, Mr. E. B. Raymond, and 
probably others, that this is by no means the case. Current density, 
speed, and pressure all exert an influence on the resistance, and the 
experiments to be described are a more exhaustive repetition of the 
work above mentioned. There were some discrepancies to be noticed 
in their results, and the precise effects of speed and pressure had not 
been examined closely, so that a full investigation appeared desirable. 
The influence of the character of the brush holder and the effect of 
lubricants were also points to be elucidated. 

The mode of experiment was of the simplest character. А cast-iron 
pulley was covered with a heavy band of copper, turned and polished 
to a true surface with a diameter of 11 ins. This was mounted on 
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the spindle of an electric motor. The two carbon brushes were set on 
the horizontal diameter, and current from a battery was passed through 
a variable resistance and an ammeter and across the pulley from brush 
to brush. Тһе drop in E.M.F. across the two brushes was read оп a 
voltneter by potential leads soldered to the brushes themselves, so that 
thermo-electric effects were eliminated, and no brush-holder resistance 
was included. Тһе resistance of the copper drum was negligible, but 
the resistance of some 4-inch length of carbon on each brush was 
included, as representing probable working conditions, and this has 
not been subtracted in the following readings. Itamounts to 0'04 volts 
on the two brushes with a current of бо ampcres per square inch. 

The carbons were supplied by Le Carbone Co,, the best quality, 
called X, being used. It was a very dense graphitised carbon with a 
specific resistance of 000193 ohms, or about 1,200 times the resistance 
of copper. Common grades of brush carbon have usually about three 
times this resistance. It was by no means a soft carbon, wore slowly, 
and took a high polish. 

Preliminary experiments showed that vibration would play an 
important part in the resistance, and in order to simplify the first 
tests, brush holders were used in which vibration would be as small as 
possible. А rigid frame was fixed to the bed-plate, and the carbons 
кеге soldered into short brass tubes, sliding in other tubes fixed to the 
frame, and being pressed on to the drum by helical springs. The 
inertia was therefore little more than that of the carbon blocks them- 
selves, while sideways vibration was prevented by the close fit of the 
tubes. As the wear during the tests was small, only a quarter inch of 
carbon projected from the tube, and the guide-tube extended almost to 
this point. Тһе area was т sq. in. in all tests, the same pair of carbons 
being used all through. 


I—DETERMINATION OF CONTACT RESISTANCE OF DRY CARBONS 
AND COPPER. 


The first experiments were devoted to the conditions of dry (1.е., 
unlubricated) contact. The surface was kept perfectly clean by a 
polishing pad continuously pressing on the drum. There was an 
indication that a slight coating of carbon dust was beneficial, causing a 
sight diminution in both fall of potential and friction. But as the 
clean surface was more definite this was preferred, and the effect 
of the carbon lubricant was too small to modify {һе results 
appreciably. i 

Readings were taken at speeds from 860 up to 3,300 ft. per minute 
and with pressures ranging from 7 to 46 oz. per square inch. It would 
cumber the paper to quote all the numerical results in full, and in 
general these will be embodied simply in curves giving the mean 
values of several sets of readings under the same conditions. Fig. 1 
shows the relationships obtained. There аге some irregularities which 
refused to be eliminated, but the general trend is unmistakable. Down 
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to 18 oz. pressure the speed does not influence the result. With 12 oz. 
the effect is barely noticeable at 2,300 ft. per min., but is marked at 
3,300. With 7 oz.the effect is seen at 2,300 ft. per min., but not at 
1,430 ft. It is clear that the influence of speed is indirect, causing 
vibration, which reduces the efficiency of contact. This will be seen 
more clearly below, when vibration is purposely introduced. 

Fig. 2 gives the mean values of these, eliminating curves affected by 
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Fic. 1.—Effect of Pressure and Speed on Contact Resistances. 


speed. Representing the mean of a large number of readings, it may 
be taken to portray the relation of E.M.F. and current for different 
pressures, when vibration is absent. 

The curve may be expressed by the function kE = ;^?, Assuming 
this index, and calculating the value of k for each point from то 
amperes to 60 at each pressure, the value of k given in Table I. is scen 
to be fairly constant for each pressure, and, except in the case of 7 oz., 
the irregularities show no regularity, so that this function expresses the 
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ratio of E.M.F. to current with considerable accuracy, assuming that 
there is no vibration. Each vertical column is derived from the mean 
values of a number of sets of readings, the numbers being given in the 
last line. 


TABLE I.—VALUE OF RATIO ГЕ. 


value E 


MEE NNNM "di in oz. per sq. in. 

55 e 46 | о n 12. | T 
| 10 1:90 2:26 2702 I'9O 1'70 1°75 
| 20 2:30 2:28 2°04 1:93 1°70 1'69 

30 | 2:57 2°25 2°06 1:96 1°70 65 

40 | 279 | 228 204 2°00 1°73 160 
| š% | 2:98 | 2:28 1:98 2°00 1775 I'59 

60 310 | 2°22 1°99 1'99 1°73 1°55 
амаа р | | 

ings for each | II 16 IO 7 4 | 


It is clear that the constant only, and not the form of the expression, 
varies with the pressure. Therefore any accidental imperfect bedding, 
which will remain constant through one set of readings, will not affect 
tbe form of the curve. But it is necessary to use only readings from 
well-bedded brushes in calculating the effect of pressure, and therefore 
the most reliable sets have been selected, and the mean values of & for 
different pressures have been found to conform very closely with the 
expression А=1 + 0:22 JP. In Fig. 6 is delineated this curve, with 
the ascertained values shown as points. Тһе agreement is as close as 
сап be expected. Тһе ІШІ expression, between the limits 10-60 
amperes and 7-46 oz., may be written with considerable accuracy— 


19:38 


^ 1-022 JP 
to represent the relation of E.M.F., current, and pressure with a well- 
bedded brush free from vibration. 

Doubt may arise whether a plain copper drum really represents a 
commutator. Assuming that the surface of the commutator is smooth, 
there seems no reason to doubt this, were it not for the fact, as will be 
shown later, that the current from the brush at cach part fluctuates as 
it passes over a segment, the amount of fluctuation depending on 
the position of the part in the brush and upon the nature of the varia- 
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tion of the current in the segment. This matter will be examined in 
the last portion of the paper. 

It will be well known to all that the actual surface of contact is 
often only a small proportion of the total brush surface, and it is 
interesting to examine what effect will be produced by imperfect 
bedding. Let the area be reduced to 1/n of its nominal value. Then 
the pressure per unit area and the current density are increased п 
times. The E.M.F. is changed to the value— 


p^"? 1 + 0:22 /Р 
158 14-022 JP. 
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FiG. 2.—Mean Values from Fig. 1. 


Within large limits this factor differs very little from unity. For 
example, if only one-fifth of the brush is bearing, the increase of 
E.M.F. is not more than 5 per cent. Hence we see that imperfect bed- 
ding has scarcely any influence on the brush losses. It follows also 
that with a given spring tension and current the loss will be much the 
same whatever size of brush be used within reasonable limits, and that 
there is no advantage in using low current densities. Moreover, a small, 
and consequently light, brush with equal total pressure will vibrate much 
less, and will therefore be less liable to spark. "The frictional losses 
will be also unchanged, for it will be shown later, what is indeed quite 
normal, that the frictional loss is proportional to the pressure. There 
will be a certain ratio between current density and pressure per unit 
area at each speed, at which losses are a minimum, the ratio being 
kept low at low speeds and high at high speeds. The curves in Fig. 3 
show the total losses in watts per ampere collected, plotted against 
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current density, for various pressures and speeds, the values being taken 
directly from the curves in Fig. 2, and the friction constant being 
09005, for which see later. It will be found that when horizontal 
lines are drawn through, representing a constant loss, the ratio of 
current density to pressure is approximately constant. At a high 
speed, say, 3,000 ft. per minute, the 7 oz. pressure is the most 
economical with а c.d. of 30, or a ratio of 4 to І, while at соо ft. 
per minute we may use 7 oz. at 9 amperes, 18 oz. at 24 amperes, 
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FIG. 3.—Total Losses per Ampere Collected, for various speeds, pressures, 
and current densities. 


Of 24 02. at 32 amperes with nearly equal minimum loss, ог a ratio 
of r3 іі. Of course these conclusions will be modified by con- 
sderations of sparking, and it may not be possible at high speeds to use 
the most economical ratio. 

. Mr. Hobart (“ Electric Generators ") mentions 40 amperes as a safe 
limit, and 20 oz. as good practice, or a ratio of 2 to r. If the curves of 
total losses are examined for the point corresponding to до amperes 
and 20 oz, it will be scen that there is not much wrong with these 
values, except at the highest speed, and here a lighter pressure and a 
greater current density might produce sparking. И is, indeed, satisfac- 
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tory to find that over а wide range of specd, pressure, and current 
density a low value of total losses can be obtained ; but there is a 
heavy penalty if these limits are much exceeded. There is no advantage 
in using a low current density, and in order to obtain the best condi- 
tions over all loads of a dynamo, the current density at full load should 
be fairly high, a few well-designed brush holders being better than a 
number of cheap oncs, especially at high speeds, where a low current 
density is extravagant. 

Corresponding tests were carried out with the S quality of carbons 
from the same maker. This is harder and less graphitised than the X 
quality, and its specific resistance is three times as large. It may be 
taken to represent an average hard grade of good quality. Owing fo 
the greater hardness, it was a matter of some difficulty to obtain good 
bedding, several hours of continuous running producing little effect, 
even after the most careful preliminary rubbing down with finc emery 
paper. To facilitate bedding, the area was reduced to half a square 
inch, but the contact was never quite complete. The carbons tended 
to scrape when the surface was kept polished by a pad, and better 
results were obtained when the rubber was omitted, the E.M.F. being 
more consistent and of lower value. The tests were taken with the 
drum well warmed, each series being completed as rapidly as possible 
in order to maintain an approximately constant temperature through 
the set. 

A group of readings gave very consistent results, the successive 
sets not varying more than т per cent. from the mean value ; but 
when repeated at a later date the readings, though equally consistent 
among themselves, differed considerably from the former values. 
Fig. 34 shows the results on two different days, I. and II. being taken 
on one day at 40 and бо oz. per square inch respectively, ПТ. and IV. 
being the same taken at a later date. Тһе logarithms when plotted lie 
very closclv in straight lines, and the function is of the form :— 


I. E is proportional to 4:53, 
II. E " - i56, 
ПІ. E Р " ге, 
ІУ. Е 5 " pu 


On each day the curves agree fairly well, but some change in con- 
ditions has made a considerable alteration in the form of the curve. 
The mean of all the rcadings, some thirty sets in all, gives a curve of 
the form E = А 25, which is very different from that obtained with X 
carbons, and the difference is important in the process of commutation. 
More prolonged experiment is required on various qualities of carbon, 
but it is clear that the contact resistance does not vary much for a large 
difference in specific resistance, and that the law of variation of E to i 
is not the same for different qualities. 

Reference must be made here to a paper by Professor E. Arnold * 


* ^ Uber die Untersuchung von Dynamobiirsten,” Elektrotechnik und Maschinenbau, 
July 29, 1906, abstract in Electrician, Vol. 58, 1906, p. 14. 
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which deals with the same subject. The materials examined меге X 
and Z quality Le Carbone carbons, and except that the drum was of 
brass instead of copper, and that the E.M.F. was observed between 
asingle brush and drum, the method of testing was similar. When a 
long period of time elapsed between each reading, so that the tempera- 
ture of drum and brush was individual for each value of the current 
the E.M.F. for the two brushes reached a value of r'1 volt for Z and 
0'9 volt for X carbons at a current density of some 70 amperes per 
square inch, and as the current increased beyond this figure the E.M.F. 
rather diminished. We have not found this to occur in our experi- 
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ments, and while change of conditions often appeared to affect the 
readings, in thc end, after repetition, little actual alteration was dis- 
covered. Professor Arnold also took sets rapidly, and obtained curves 
almost identical with ours. It is of interest that in these last readings 
he used a commutator instead of a drum. 

Some other experiments and conclusions drawn from them by Pro- 
fessor Arnold will be discussed in the last portion of this paper. 


Il.—FRICTION OF CARBON BRUSHES. 


The friction was measured by reading the power absorbed by the 
driving motor when the brushes were on and off respectively, the 
readings being taken immediately after the E.M.F. readings at every 
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set. For convenience, the power wasted in friction has been expressed 
by the formula W = y v P A watts, where— 


v — velocity in feet per second. 
P = pressure in ounces per square inch. 
A = area in square inches of both brushes. 


The co-efficient и shows some variation, but the divergencies from 
the mean do not point to any modification of the above formula. The 
value obtained with the above-described brush holders and a polished 
surface, as a mean of 18 readings, was и = 0'00065. Values were also 
obtained when other brush holders were used, which may conveniently 
be given here. 


Value of p— 
I. Direct-pressure brushes sss ... 220700065 
2. Padded brushes and heavy holders ... = 000050 
3. Heavy brush holders  ... T ... 22000037 
4. Parshall’s value ... 422 Р ... 220700043 
5. Raymond, graphitised brushes ... 72000070 


The agreement between Raymond's value and the first опе is fairly 
close, and possibly his brushes were softer than ours. Тһе value with 
heavy holders is low, and this is doubtless due to the vibration. An 
examination of Mr. Moore's experiments, from which Mr. Parshall takes 
the above value, shows that his brush holders probably had a good deal 
of vibration, and hence the frictional loss is also low. It should be 
added that in the case of 2 and 3 the drum was not continuously 
polished, and, as has previously been stated, the carbon dust acts as a 
lubricant to a small extent, reducing the friction. Probably the value 
0'0005 will represent the usual working conditions with fairly hard 
brushes, although at high speeds, where some vibration is probable, it 
will be reduced to 0'0004. 


III.—ExPERIMENTS WITH LUBRICATED BRUSHES. 


It is a common practice to use some lubricant, which generally 
contains hard paraffin wax as the basis. To examine what influence 
the lubricating film exerts on the E.M.F., a set of readings was taken 
with the same brushes and holders as in Series I., but lubricating the 
drum with paraffin wax. It was not so easy to ensure uniformity of 
lubrication as uniformity of cleanliness, particularly with a solid or 
pasty lubricant. When first put on, the lubricant causes sparking and 
a rise in the Е.М.Е., and a consistent condition is obtained only after 
the wax has become softened and uniformly spread. Therefore con- 
tinuous application was not possible, and some variations were 
inevitable in the quantity of lubricant on the surface. This made less 
difference to the E.M.F. than to the friction. The temperature of the 
surface affected the viscosity of the wax, and on a cold surface the 
effect was not satisfactory. This, however, is not likely to occur in 
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practice, and in the tests the drum and brushes were warmed up by 
ihrfe current before readings were taken. 

| Fig. 4 shows a complete series taken at 2,300 ft. per minute, and 
Им be seen that the lubricant has produced very little change in 
either the shape or the value of the curve, until the pressure is reduced 
015%. Below 12 02. the readings were irregular, and the E.M.F. 
бс rapidly, showing that there was imperfect contact. The speed 
arts considerable influence on the E.M.F. Even at a pressure of 
р о, Шеге is a continuous change between 1,200 ft. per minute and 

| 199. At 1,200 the E.M.F. was exceptionally low, whereas at 3,300 
ihe value is nearly doubled. With a dry surface (Fig. т) there was no 

change at all. 


регез рег 54. 


Ат 


Fic. 4.—Tests with Lubricated Surface. 


The frictional loss was determined at the same time, the following 
values being obtained :-— 


Pressure 12 18 24 36 40 42 OZ. 
и = 000013 13 15 074 065 10 


а Mean value of o-ooorr watts рег oz. per foot per min. per sq. іп. 
ра given above show rather wide divergencies, due to differ- 
val жо temperature and thickness of lubricant, but in all cases the 
1 15 much lower than that found with a dry surface. 
of Mi ae commutator lubricants were also applied, one a mixture - 
paraffin n and graphite, the other apparently consisting of powdered 
Quat. with a little soapstone, coloured and scented with unimportant 
кыы The results were much the same as those obtained with 
rush t ақ alone, though it is possible that with an ungraphitised 
€ addition of graphite in the lubricant may be beneficial. 
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Several liquid lubricators were tried, applied continuously by a pad 
against the drum. Among them were light engine oil, paraffin oil, and 
toluol. None were advantageous. Тһе thinner lubricants somewhat 
increased the E.M.F. and made little difference to the friction, while 
the engine oil rapidly clogged and increased the E.M.F. considerably. 

Тһе results of the tests with paraffin wax are remarkable, and were 
certainly not expected by the authors. The curve at 1,200 ft. per 
minute (Fig. 4) is the mean of six sets, all agreeing closely, so that 
no accidental error was possible, and it will be seen that the values are 
as low as any obtained with the dry surface. The lubricant, although 
an insulator of enormous resistance, permits the passage of large 
currents with absolutely no interference, and yet is present in suffi 
cient thickness to reduce the friction to one-fifth of its value for drv 
surfaces. "This is an attractive subject for discussion, but one which 
cannot be entered upon here. It may be added that when the drum 
was stopped, the resistance was very irregular, and it generally rose to 
what was practically total insulation. 

Whatever the explanation, there is no doubt that the action of the 
lubricant is beneficial in reducing friction and wear and tear of brushes, 
without any counterbalancing increase in electrical losses, provided а 
little attention is bestowed on it. On account of the reduction in 
friction losses the pressure may be increased to some 30 or 40 02., and 
over a large range of current density current can be collected at a total 
loss of less than 2 watts per ampere. Тһе data are scarcely adequate 
for precise calculations, and we shall not attempt any formula con- 
necting E.M.F., current, speed, and pressure, which would doubtless be 
much affected by the degree of lubrication ; but the general character 
of the phenomena and their practical application are sufficiently clear. 


IV.—EFFECT OF VIBRATION. 


The influence of vibration has already bcen noticed at high speeds. 
To examine this further, brush holders were made in which there was 
a considerable tendency to vibration—long arms pivoted at one end 
and possessing more inertia. Тһе same brushes were used. There is 
no necd to enter into details, as the tests only show what to avoid. 

Fig. 5 shows the results. At 580 ft. per minute there was no 
vibration, апа the values of E.M.F., even down to 12 oz., correspond 
closely with the previous values. At r,600 ft. the effect is marked, at 
2,300 still more marked, the increase showing at a pressure of 55 02., 
while at 3,200 ft. the E.M.F. runs up to nearly о volts. Although the 
collection at this speed was not sparkless, it would scarcely have been 
deemed very bad on а dynamo. At these high speeds the collection is 
clearly almost entirely through the arc, as the E.M.F. is almost con- 
stant between 10 amperes and 4o, and it is remarkable that the readings 
were exceedingly consistent, repeated sets not varying more than some 
3 per cent. 


The vibration was reduced by inserting pads behind the carbons, 
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and a marked improvement was noticed. At 1,430 ft. per minute the 
E.M.F. was still normal, at 2,300 ft. it was normal down to 16 02, 
but at 3,200 ft. it was barely normal even at 42 oz. It is scarcely 
necessary to reproduce these curves. 

It will be noted that the effect of pressure is twofold. It reduces 
vibration, and it improves the actual contact independently of any 
vibration. As has been pointed out, the efficiency of collection is 
improved by keeping the pressure low, especially with dry surfaces ; 
but the reduction must stop sharply at the point where the particular 
brush holders in question show a tendency to vibration, or losses will 
run up rapidly. It is important to notice that the E.M.F. maintains a 
high value with small currents, so that an increase in brush area will 
not eliminate the loss, unless, by subdividing the brushes, a probability 
is obtained that some of them will be making good contact. These 
results strengthen the opinion expressed above, that a few well-designed 
holders are better than a number of bad ones. 


V.—RESISTANCE OF BRUSHES STANDING. 


Though not a practical condition, it will be interesting to examine 
the resistance of the brush contact when standing. This was deter- 
mined during some of the tests, after stopping the drum. Тһе current 
was raised from то to 60 amperes as before, and while occasional 
abnormal values of E.M.F. were obtained, the readings for the most 
part showed that the ratio of E.M.F. to current was constant for a 
given pressure, and that Ohm's law holds good. The resistance 
diminished as the pressure increased, and the conductance may be 


written E = 06 P + 24, though no great reliability can be placed on 


the formula. Fig. 6 shows the two curves of the ratio E standing and 


‚ 0.28 
: running, against the pressure, the latter producing considerably 


more effect on the standing than on the running values. With small 
currents the resistance of the running contact was the greater; but 
between 60 and 70 amperes the curves cross, and for higher current 
densities the stationary contact would have the higher resistance. 


VI.—EFFECT OF TIME ON THE E.M.F. 


To obtain some clue, if possible, to the curious shape of the curve 
E/i, some variations were made in the mode of taking readings, in the 
direction of ascertaining the E.M.F. at the earlicst possible moment. 
For the previous curves were all taken with a liberal allowance of 
previous running. 

1. The current was kept at zero, suddenly raised to a particular 
value, and the Е.М.Е. read as rapidly as possible. 

2. The E.M.F. was read by a ballistic galvanometer and condenser 
when the current was switched on. 
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3. The E.M.F. was read by а ballistic galvanometer as in No. 2, but 
{һе galvanometer circuit was automatically opened a small fraction of 
a second after closing the main circuit, thus eliminating the effect of 
any subsequent change. 

Readings were taken at 24 07. pressure and 1,430 ft. per minute. 
To avoid cumbering this paper with too many curves, it may simply be 
stated that all three methods gave closely the same curve, and the 
mean of them all agreed almost exactly with the normal running curve at 
that speed and pressure. The curve of No. 3 method gave slightly lower 
values of E.M.F. than the others, but the difference was not sufficient 


Ratio с to Е standing. 


о 10. 20 50 40 50 
Pressure іп ozs. 
Fic. 6. 


to bear any deductions. It may be taken, therefore, that the E.M.F. 
assumes this value in an exceedingly short space of time. 

The form of the curve of E/i is strongly suggestive of the shape of 
the curve obtained when a glow lamp is heated, but the experiment with 
method 3 shows that any heating must be confined to an extremely thin 
layer of carbon, on account of the rapidity with which it takes place. 
There is also the difficulty that stationary brushes do not exhibit this 
phenomenon, but obey Ohm's law, so that the mere fact that the 
contact takes place at comparatively few points, with consequent 
enormous current densities for a short distance, does not seem a 
satisfactory explanation, for some similar effect should be shown іп 
the stationary brush. We confess our inability to suggest a theory 
explaining the law of variation of the contact resistance. 


VII.—DETERMINATION OF SPARKING E.M.F. 


The next part of our experiments was devoted to determining the 
E.M.F. between the brush and the commutator segment at the moment 
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of separation, which we may call the sparking E.M.F., or the E.M.F. 
due to a sudden cessation of current in an inductive circuit, which 
tends to produce a spark at the point of separation. "This has no con- 
nection with the reactance E.M.F. embodied in various formulz, which 
deal with the value of L^/dí before the break, and assume that the 
current has already become zero when the separation occurs. The 
sparking E.M.F. is therefore a measure of the failure of the machine 
to commutate its current in the correct manner. That this does not 
necessarily mean that the machine is commercially unsatisfactory is 
obvious from the fact that in forced commutation with fixed brushes 
the ideal procedure must be departed from, and we shall examine 
whether the conditions for reducing the inevitable sparking E.M.F. 
are the same as those producing an ideal commutation under the ideal 
conditions. We shall also examine the value of the currents circulating 
in the short-circuited coil, and their effect on the sparking E.M.F. and 
the magnetic field of the machine. 


FIG. 7. 


As interest is now particularly directed to the use of machines with 
commutating poles, this type was examined with the greatest fulness, 
and for comparison similar readings were obtained from a simple 
machine. 

The machine was а 15-h.p. 4-pole enclosed motor with two- 
circuit wave-wound slotted armature. At 460 volts with the full 
exciting current it ran at 550 revolutions per minute. The armature 
has 1,384 bars and 173 commutator segments, with four turns per 
section, 29 slots with three outward and three return. sections in each 
slot. The reactance E.M.F. calculated by Hobart's formula, if the 
effect of the commutating pole is neglected, is 3°5 volts. The four 
brush arms each carry two brushes г in. long and үу in. broad. The 
commutating poles had a narrow pole face { in. broad, but both 
main and commutating poles slanted across the teeth, so that the total 
span was 2 ins., or nearly two slots and two teeth, as shown in Fig. 7. 
The makers were the Morris Hawkins Company. 

The E.M.F. was measured on a high-speed falling-plate Duddell 
oscillograph, which was connected as a voltmeter between the brush 
and a trailing spring attached to the back of the brush, and separated 
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from it by a sheet of mica Ж in. thick. While both brush and spring 
were touching the same segment the oscillograph registered the fall 
of E.M.F. from carbon to segment, but as the carbon left the 
segment, the induced E.M.F. caused a current to flow through 
the instrument to the segment just left. As the spring traversed 
the mica between the segments the circuit was broken and the 
deflection fell to zero, but in many cases the brush bridged this, 
and the E.M.F. merely dropped to the first value. The use of a 
circuit in parallel with the break tends to reduce the E.M.F., but 
in most cases the resistance was some 160 ohms, so that a very fair 
idea of the sparking E.M.F. was obtained. The direction of the 
E.M.F. indicates whether the current is from brush to segment or 
the reverse, and indicates whether the machine is under-compensated 
or whether over-compensation has set up a circulating current in the 
reverse direction. In the following diagrams the direction above 
the zero line indicates ап E.M.F. in the direction of the main current, 
or under-compensation. 


tfft Avr АД y 


Fic. 8.—Running Light: Slow speed (150 revs.). 


Asthe speed which was used in some of the tests, 870 revolutions 
рег minute, involves 2,500 commutations per second at the brush, 
the resolving powers of even an oscillograph were severely taxed, and 
the waves are unavoidably much crowded. Further resolution by 
increasing the speed of falling was prevented by the weakening of the 
Photographic trace. But for the most part it was only the height of 
the wave that was required, and a large number of waves gave a better 
value of the average E.M.F. required. In order to make sure of the 
action of the apparatus a slower speed was adopted at first. Fig. 8 
shows the action at а speed of 150 revolutions when the motor was 
running light. The waves are quite distinct, falling into groups of 
three, the number of coils in a slot. The E.M.F. rises as the slot 
travels to the approaching pole piece out of the field of the commu- 
tating pole. The zero values show the mica separators, after which 
there is a rapid rise to the E.M.F. between brush and segment, fol- 
lowed by another rise as the brush leaves the segment. There is much 
irregularity of detail, and it can scarcely be expected that the currents 
will repeat with exact regularity. There are six ripples on each wave 
for which more than one cause сап be suggested, and it would be 
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unprofitable to follow them out in detail. The machine is under- 
compensated, and the sparking E.M.F. rises through the group of 
three coils as the compensating pole becomes weaker. Тһе maxi- 
mum E.M.F. is only 1'7 volts, as the speed is very low, the E.M.F. 
between brush and segment being about 0:8 volts. The compensating 
poles were excited with more current, the motor still running light, 


Fic. 9.—Running Light: 6 amperes round Commutator Poles. 
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FIG. 10. 


Ес. II. 


апа the curves showed a gradually increasing over-compensation. 
Fig. 9 was taken with 6 amperes, the armature current being 
2 amperes, and much of the E.M.F. is now in the reverse direction. 
In fact, the waves group themselves in two sets of three, and in alter- 
nate sets the current is entirely in the reverse direction, the other 
parallel brush arm probably taking the driving current during this 
interval. 

Repeating with different loads and the proper compensating 
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current for each, the E.M.F. showed always under-compensation. 
This will be examined in more detail at a higher speed. 

The motor was intended for a large range of speed, and we may 
therefore pass over the tests at normal speed, to examine its behaviour 
under the more trying conditions of a high speed and a weak main 
held. A speed of about 870 revolutions per minute was arranged, and 
Fig. 10 gives the light load values with an E.M.F. of 6 volts, Fig. 11 the 
full load values, in which the E.M.F. rises to 20 volts. The motor is 
considerably under-compensated, but nevertheless the brush dealt with 
this high E.M.F. with very little visible sparking, the mass of cold 
copper and the speed of separation doubtless contributing to this 


Sparking Е.М.Ғ. volts 


I 20 
Load. Amperes 
FIG. I2. 


result. Fig. 12 shows the set of values obtained at these and at 
intermediate loads. 

Further tests were made with no current round the compensating 
poles. The sparking was considerable, and even on half load the 
sparking E. M.F. rose to 32 volts. By shifting the brushes the current 
was taken up to full load with a sparking E.M.F. of about 32 volts. 
This is, of course, an abnormal condition, for the commutating poles 
“еге not removed, and their presence over the coil under the brush 
produces a strong magnetic field, due to the armature, which passes 
through the coil and naturally produces large circulating currents. 
The value of these will be examined later, and their magnitude easily 
explains this great E.M.F. 

It had been in the mind of one of us that a brush with a trailing 
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edge in the form of a very blunt V would act beneficially in reducing 
the current before the final break, and this seemed a suitable method 
for testing the device. ‘The result, however, was not favourable, for 
the sparking E.M.F. was very little diminished. We have not followed 
up this method of testing different qualities and shapes of brushes, but 
it appears to be capable of much useful employment. 

The foregoing experiments indicate that where the conditions 
assumed in the reactance formulz are not fulfilled, it is important 
to determine whether the sparking Е.М.Е. will be large. At the same 
time they show that it need not be very small. In all cases of forced 
cemmutation, i.e., where the current does not die down to zero by the 
action ot a suitable E.M.F. in the short-circuited coil, but is merely 
throttled by the decreasing area of contact between segment and 
brush, often in spite of an E.M.F. in the coil tending to keep it up, in 
all such cases there will be an abrupt break and a possible spark. In 
many cases the main current will be unimportant, and the value to 
which the induced circulating current has risen will control the smooth- 
ness of the commutation. А broad brush will be a positive harm, as 
allowing the coil to«come more into the field of the wrong pole, and 
giving time for the current to rise. The value of the current will be 
proportional to this field, to the speed of the machine, and to the 
number of turns in the coil, for the resistance of the coil itself will 
usually be small compared to the brush contact resistance. The 
E.M.F. produced by breaking this current = L "/d/, where L is propor- 
tional to the square of the number of turns (if they are all in the same 
slot), so that the sparking E.M.F. is proportional to the cube of the 
number of turns in the coil and the square of the speed. But the 
whole coil betwecn two adjacent segments is not involved, if there are 
more than two sets of brushes, for the different sets break circuit 
successively, and the parts between the other brushes will readjust 
their currents without a spark. Hence the commutation is more easilv 
forced in multipolar machines than in those with only two poles. To 
test this, the sparking E.M.F. was determined with one brush on each 
of the four arms, and again with two brushes on two arms. Іп the first 
case the E.M.F. was 8 volts, in the second 15 volts, or nearly twice as 
great, the length of bar in which current is stopped being twice as long. 

The same result is shown in the oscillograph curves of the current 
in the short-circuited coils shown Бу J. К. Catterson-Smith.* Using 
several brushes, he found the current change its value by successive 
small steps instcad of one large one, from which it may be concluded 
that there will be less tendency to spark. 

The above estimation of the sparking E.M.F. assumes that the 
decrease of current, due to the diminishing area of the segment in con- 
tact with the brush, is sufficiently rapid to produce a sensible Е.М.Е, 
in the coil. But if this is not the case, and the self-induced 
E.M.F. does not appreciably influence the current, then the sparking 
E.M.F. will be proportional to the current at the moment of breaking, 

* Sournal Institution of Electrical Engineers, vol. 35, 1905, р. 430. 
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to the coefficient of self-induction, and to the speed or Ілі, which 
is similar to the reactance voltage except that ; has only a remote 
connection with the armature current, and depends on the resistance 
of the brush contact and the E.M.F. induced by the stray field. 
If it is possible to find a quality of carbon in which the resistance 
is fairly independent of current density the use of such brushes should 
sensibly decrease sparking. 

For forced commutation it is preferable to have as small a magnetic 
lield as possible in the interpolar space, to diminish the circulating 
currents. Hence a narrow air-gap and a large interpolar space аге 
beneficial Distortion of the field is then of little consequence, and 
weakening or even reversing the pole tip will not matter, so long 
as the held from the strengthened pole tip does not come down on 
the coil, The ideal machine with commutating poles does not experi- 
ence forced commutation, but with incorrectly adjusted poles some 
torcing of the current is inevitable, and the larger inductance will 
Cause sparking. 

As a comparison with the foregoing curves, some tests were made 
onasimple motor without anti-sparking devices. The machine was a 
беріс, 55-h.p. motor made by Mavor and Coulson, running normally at 
300 revolutions with 460 volts on the brushes. The pole shoes wcre 
square and the air-gap rather small for the size of the armature, being 
39mm. Тһе slot breadth was 9 mm. and the breadth of the top of the 
tooth was то min, 

There were 282 turns with 142 commutator parts, or two turns per 
coil, wound in a two-circuit winding. There were six pairs of brushes, 
each of 1$ sq. in. area. The nominal maximum current density was 
therefore I5 amperes per square inch. 

As this machine was fitted. with additional testing devices, which 
included a pair of spring contacts on the commutator, the contact 
resistance of the brush was eliminated by setting the two contact makers 
а short distance apart, the one just in front, the other behind the trail- 
ing edge of the brush. When they both touched the same segment the 
E.M.F. fell to zero, and the peaks of the curve read the E.M.F. in the 
coil as it left the brush and received the main current from the new 
ude. The potential brushes were set at a distance little more than 
that of the breadth of the mica between the segments, so that the 
reading just included the spark and no more. 

Setting the brushes in the most favourable position for running 
light, the curves gave ап E.M.F. of 35 voltsat this load, which rose to 
volts at half load. It was found that if the potential leads were set 
With a very small gap, so that the trailing contact moved on to the 
mica after a contact lasting only уу in., the E.M.F. curve rose abruptly 
and dropped to zero (Fig. 13). On increasing the time of contact, the 
тего drop was only momentary, with a rapid rise as before, but there 
followed a momentary dip as the sparking E.M.F. ceased, and a further 
пзе showed the E. M.F. induced in the coil by the stray field (Fig. 14), 
which was cut short by the contact coming on to the mica. The first 
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гізе-іп Fig. 14 is the same as the rise іп Fig. 13, and that this is smaller 
than the E.M.F. induced by the stray field shows how thoroughly the 
current is controlled by the diminishing area of brush contact. 

The following values of the first rise were obtained :— 


Armature Current. Sparking E.M.F. 
Brushes set for light load c" 7 amp. — 3'5 volts. 

» )» ere 23 ” ets 35 » 

” » » 46 » 40 5» 

ji »  46amp. 46 ,, 30 , 

» » 46 » 7 » 20 » 

ys ” 37 93 7 » 2 о » 

” ” 37 ” 37 ” 3 о » 

” » 37 » 75 ” 3 5 » 

» » 75 » 75 ” 2 5 ” 
AOT 
15 $ 
a 
IO : 


NEUE AM 


th 
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The E.M.F. given here is the mean of somewhat irregular values, 
as there is no doubt that small changes of brush contact at the last 
moment will readily produce variations in the sparking E.M.F. For 
example, a mean reading of 3:5 volts will range from 3 to 4, or in 
places to 5. It must also be remembered that the supposed best 
position for the brush is a point difficult to ascertain, and the whole 
shift is very small, so that the minimum values are not consistent. 
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Additional readings were taken by the earlier method, from brush 
to contact spring, under the same conditions as those for Figs. 13 and 
ц. The value of the first rise, so far as can be determined, is much 
Ше same as before, but the inclusion of the contact resistance has com- 
pleated the curve. During this time the zero value was rather 
changing, and the value of the contact resistance drop is probably 
exaggerated. 

Without claiming any great exactness for these numbers, it is 
evident that the E.M.F. of self-induction, which tends to produce a 
spark, is very small in this machine, and variation of load and position 
of the brush does not create large changes. The machine has а very 
weak field in the space between the poles, for the air-gap is small 
and the distance between pole pieces is large. Тһе number of turns 
рег coil is small, the complete coil is divided into three parts by the 
brushes, and the speed is not high. There are therefore all the con- 
ditions for a very moderate sparking E.M.F. or good forced commuta- 
tion, although the value of the reactance voltage is not especially low, 
being 33 volts. А further examination into the process of commuta- 
tion of this machine will be considered below. 


VIIL—DisTRIBUTION OF THE MAGNETIC FIELD, AND INFLUENCE OF 
CIRCULATING CURRENTS IN A MOTOR WITH COMMUTATING POLES. 


Readings of the magnetic field of the machine were taken by 
means of a search coil on the armature, connected through slip-rings 
to the oscillograph. Fig. 16 shows the field due to the main poles, and 
Fig. 17 represents the influence of the commutating poles, with the 
full current round the coils. Exciting these as for a motor, a series of 
curves was taken with increasing currents, and the resulting total 
areas, representing the magnetic flux, are shown in curve A (Fig. 18). 
lt i5 clear that by half load the commutating poles are saturated, and 
the rapid rise of the sparking E.M.F. in Fig. 12 has already indicated 
that this was probable. 

Ц has been shown by Messrs. Walls and Smith (Electrician, 
April 6, 1906) that in a stationary armature the magnetic flux of the 
commutating poles is independent of that due to the main poles, and 
it мау be regarded as crossing the latter at right angles. These curves 
indicate that this is the case, for the effect is merely a hump on one 
side, the main portion being unaffected. Тһе brushes were put down 
№ the central position, and similar curves taken at different loads, the 
lad current exciting the commutating poles. The brushes being 
central, there is no demagnetising action exerted directly by the 
armature current. The commutating poles are demagnetised by the 
Magneto-motive force of the armature. ‘There are powerful currents 
in the short-circuited coils, which produce violent fluctuations of 
magnetic field under the commutating poles, and which would tend 
to magnetise the main field. But the areas of the curves, which are 
Plotted in line C, are almost constant, showing that the increased 
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Fic. 16.—Armature driven externally. Brushes lifted. No current 
round Commutator Poles. 


Fic. 17.—Armature driven externally. Current round Commutator 
Poles 28 amperes (full load current). Brushes lifted. 
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reluctance of the main circuit due to the distortion of the field has 
counterbalanced the increased M.M.F. Figs. 19, 20, 21 are examples 
of the curves obtained at light load, half, and full load respectively. 
The circulating currents steadily increase with the increase of load, as 
the reversed field under the commutating poles increases. 


Fic. 19.—Field on Load. Running light: 2 amperes. 


Fic. 20.—Half Load. 


Fic. 21.—Full Load. 


The same tests were carried out with copper brushes, but the 
sparking prevented the trial of heavy loads. The results were much 
the same as with carbon brushes, but the circulating currents were 
greater, as would be expected. 

To examine the influence and magnitude of the circulating current 
apart from armature distortion, a series was taken with the armature 
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running light and a separate current round the commutating poles, 
excited as for a motor. This gave a gradually increasing over- 
compensation. Figs. 22, 23 give the results with 14 and 28 amperes, 
and the magnetic flux for cach is plotted in curve B, Fig. 18. The 
commutation being over-compensated, the short-circuit currents are 
in the reverse direction, and the total field is considerably diminished. 
As a check on the figures derived from the areas of the curves, the 
line B, was plotted from values calculated from the speed of the 
motor, and it will be seen that the correspondence is fairly close. 
Copper brushes gave very much the same results, the points lying practi- 


Fic. 23.—Current round Commutator Poles 28 amperes: Brushes down. 


cally on the same line В. Examining the curves (Fig. 23) in detail, it will 
be noticed that in places the short-circuit currents completely demag- 
netise parts of the commutating poles, from which their value may be 
estimated. The M.M.F. across the gap at full load is 1,700, and the 
ampere-turns 1,350. There are for the most part two coils short- 
circuited under the brush, containing 24 turns, so that the current 
must amount to some 60 amperes, and its maximum value is probably 
much more in one of the coils. Their influence on the main field was 
determined by measuring the area, and the demagnetising effect was 
found to be some то per cent. Calculating from the characteristic 
curve, this represents 350 ampere-turns, the average value given by this 
method being much less than the maximum value given above. No 
doubt such large currents, several times the normal current, are not 
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to be anticipated іп a well-designed machine, but it is clear that there 
are great possibilities if the design is incorrect. The sparking E.M.F. 
obtained under the same conditions was found to be very large. 

Àn attempt was made to use copper brushes, but the sparking and 
disturbance of the field were so violent that the motor began to hunt, 
and readings were impossible above a magnetising current of 7 amperes. 

Another series was taken with the commutating poles excited as for 
а dynamo, i.e., іп the wrong direction. With the brushes lifted, so that 
no disturbance could take place, the values of line A were obtained 
again, as shown in D. 

The brushes were then put down and the machine run as a motor. 
Line E gives the results, corresponding to line B. Тһе short-circuit 
currents magnetise the main field, and the total flux rises as the current 
round the poles increases. 

These curves in Figs. 19, 20, 21, confirm the deduction from the 
curves of sparking E.M.F., that the commutating poles are not 
sufüciently powerful, and they further show the great risk of such 
Poles when incorrectly designed, for the reluctance of the magnetic 
circuit, in the air-gap of which the short-circuited coils lie, is small, 
and a small want of balance of magneto-motive forces will produce a 
considerable magnetic field. Ву using such poles the maker expects 
to be able to allow a large number of turns in the armature coil, and 
the liability of sparking is increased, in addition to the disadvantage of 
the heating effect of theshort-circuit currents on armature commutator 
and brushes, and the loss of power. In the simple machine there is 
much less danger of unsatisfactory commutation. 

It is only fair to the makers of the motor to state that this particular 
machine was one of the first they had made, and it should be added 
that, notwithstanding the errors revealed in these tests, the motor runs 
vith little sparking even at high speeds. 

The risk of using too broad a brush is also clearly brought out. 
These should be as narrow as possible, in order to curtail the time 
during which extra currents can be produced. Whether under or 
over compensated, the motor will tend to spark if the brush is broader 
than is absolutely necessary, and as we have seen in the first part of 
the paper, a high current density makes little difference to the commu- 
lator losses. 

In Mr. Creedy's paper (Fourn. Inst. El. Eng., April, 1905), among 
experiments on an alternate-current series motor, is one on a direct- 
current series motor, in which he measures by a falling-plate oscillo- 
Fraph the fluctuations in the magnetic field and the armature current, 
hnding ripples іп the magnetic field and the current. He attributes 
this, in part at least, to variations of brush resistance, and with a series 
motor such an explanation is possible ; but-it was much more probably 
the same action that has been noted above. Мг. Punga, in the discus- 
sion of the paper, suggests that short-circuit currents may be the 
explanation. , 
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IX.—MEASUREMENT OF CURRENT IN THE SEGMENT UNDER THE 
BRusH. 


The foregoing experiments gave only indirect information concerning 
the current flowing into the brush from a segment, and so far as wc 
know, no direct measurements of the rise and fall of the current in a 
segment have бесп made. Аз the current in a segment endures for ап 
extremely short space of time, either an oscillograph or a contact- 
maker must be used. Тһе resistance of the lug itself is too small to 
permit of a reading of the fall of potential, but a resistance inserted for 
the purpose would tend to divert the current into adjacent lugs also in 
contact with the brush. Accordingly three consecutive segments were 
provided with a resistance of о018 ohms, and readings were taken from 
the central one. Тһе current is then unaffected, except that the total 
armature resistance is momentarily increased by some 5 per cent., which 
will not sensibly influence the result. Currents in the short-circuited 
coils will be reduced, but the dimensions of these will vary so much 
between one machine and another, and with the width of the brushes, 
that their exact value in the particular motor examined is not of great 
importance. Тһе resistance was arranged primarily for use with an 
oscillograph, which method was abandoned, and it was unnecessarily 
large for the method finally adopted. 

The contact-maker method consisted in charging a condenser with 
an E.M.F. at a particular instant by means of a pin and spring. On 
the terminals of the condenser was a galvanometer, which with a very 
small consumption of the charge gave the E.M.F. Тһе loss of 
charge was only 6 per cent., or the average E.M.F. 3 per cent. below 
the value to be measured. Тһе readings were standardised in two 
ways: (т) by placing a standard cell directly in the galvanometer 
circuit ; (2) by placing the cell in the contact-maker circuit in lieu of the 
potential to be measured. The two readings agreed to о'2 per cent., 
showing that no errors crept in at the slip-rings. For measuring the 
current in the lug, potential leads were taken off to a slide-ring and toa 
contact pin, and from these to the condenser. The E.M.F. between 
brush and segment was read in the same way, the pin being fixed in the 
segment, and a change-over switch brought either into action. The 
positions of the contacts were adjusted to give readings at nine points, 
dividing the distance through which the segment was in contact with 
the brush into eight equal parts. Тһе whole circuit was carefully 
tested for leakage and found to be perfectly sound. 

The machine examined was the 55 Н.Р. motor previously uscd. 
Although this has six poles and three brush arms in parallel, it was 
thought desirable to avoid complications, and only one brush arm was 
employed. Otherwise nine lug resistances would have been needed, 
and three simultaneous readings of current by three complete sets of 
apparatus. Though much interest would attach to the determination 
of the respective currents in the three parallel circuits, this part must 
be left to the future. 
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The use of a single brush arm made advisable a restriction of the 
current to half load, although with the brush in the most favourable 
position a greater load could have been carried. The brush area was 
2 ins. axially and nominally à in. circumferentially, which was reduced 
actually to тұ in. The brush width was barely more than the width 
of a segment and mica strip, so that not more than two segments were 
active together. Тһе brush pressure was 40 oz. per square inch, the 
high pressure rendering steady readings more probable. The full 
exciting current was used, and a pressurd of 460 volts gave a speed of 
(о revolutions per minute, which was maintained all through. The 
brush examined was the negative, current passing from segment to 
brush. 

Readings were taken with the brushes central, set back, and set 
forward, with currents of 7, 25, and 45 amperes at each position. Кере- 
titions of readings showed some changes in the form of the curve, 
which would be to some extent influenced by changes in the brush 
contact, and as each set of readings occupied about an hour, it is 
probable that such changes occurred even during a single set. The 
most consistent examples are shown in Figs. 24, 25, and 26. (Іп Fig. 
24 the current 15 35 атрегс$, not 25.] It will be noticed that the 
current does not start until after the first division, due to the leading 
edge of the brush being slightly bevelled, as was found afterwards. 
The upper curves show the three currents, the lower curves the corre- 
sponding E.M.F.s between brush and segment, and the central diagram 
gives as ordinates the contact area between brush and segment at each 
point. For a short space in the middle the whole segment is in contact 
with the brush, reduciug to zero on either side, where the current 
bcgins or ceases. 

The first rise of the current is extremely rapid, amounting in the 
curve 45 in Fig. 24 to a rate of increase of 200,000 amperes per second. 
If this is multiplied by the inductance of the coil in which this change 
takes place, the result is an E.M.F. of 5 volts, the counter E.M.F. in the 
short-circuited coil. Referring to the E.M.F. curve, it has a value in 
the coil just before contact of 7 volts. This is the E.M.F. due to the 
leakage field. Тһе E.M.F. drops promptly. to about т or 1$ volts, the 
rest of it being used to overcome the counter E.M.F. in the coil, so that 
the slope of the current curve is closely in accordance with this E.M.F. 
In Fig. 25 the E.M.F. and rate of increase of current are almost as 
great, but in Fig. 26 the E.M.F. is very small, and the rate of rise of the 
current is much slower. But this E.M.F. is not the only cause of the 
current entering the new segment, for in that case the rate of rise would 
be the same for all currents. Тһе resistance of brush contact in the 
previous segment forces the current into the new one with an E.M.F. 
which increases with the current, and hence the rate of rise is greater, 
the larger the current. In Fig. 24 this effect is small, but in Fig. 26 it 
is the principal factor, and the rate of rise differs markedly for the 
three currents. 

Examining the next parts, it is notable that the current has not only 
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reached its maximum before the full contact, but has even begun to 
fall either before or soon after full contact is attained. On light load 
there is an excess of reversing E.M.F., which causes a reverse or 
circulating current, large in 24 and small in 26. In the former it is 
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Fic. 24.—Current and E.M.F. in Segment, Brush behind Centre. 


dying away slowly, as the coil moves out of the field, when the 
diminishing brush area cuts it off abruptly, with a corresponding rise in 
the E.M.F. curve. With 35 and 45 amperes the current does not rise 
again to any appreciable extent, and commutation is evidently perfect. 
Owing to the distortion of the field by the larger currents, there 15 а 
slight reversal of the field, causing the current to start in the wrong 
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direction, until cut off by the brush resistance. The phenomena in 
Fig. 25 are very similar on a reduced scale. In fact, up to half load 
this central position of the brushes is better than the previous one. 
Probably an intermediate point between 7 and 8 would show the half- 
load current rising again, as indicated by the E.M.F. 
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Fic. 25.—Current and E.M.F. in Segment, Brush in Neutral Position. 


Fig. 26 shows the effect of insufficient reversing E.M.F. at first, 
which does not matter, and of the wrong E.M.F. at the end, which is 
more important. Without this E.M.F. the current of even 45 amperes 
would evidently have risen and died down by the action of the brush 
resistance alone, finishing easily by the end of the contact. It may be 
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of interest to say that, taking / as the half-time of contact, and R as the 
resistance of coil, lug, resistance, and brush contact (at the full), the 
product ЕВ is twice the inductance of the coil, a condition which 
on some theories of commutation should insure satisfactory results. 
In the present instance the E.M.F. from the fringe of the approaching 
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Fic. 26.—Current and E.M.F. in Segment, Brush in front of Centre. 
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pole keeps up the current, which is abruptly brought to zero by 
the increasing brush resistance, the E.M.F. rising to correspond. 
The E.M.F. curves during contact show that this varies between o's 
and r'5 volts, which may be taken as about 1 volt. The current density 
is about go amperes per square inch with the 45-ampere curves when 
there is full or nearly full contact, rising to 150 amperes in the earlier 
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parts of the curve. This corresponds fairly well with the values given 
in Part I.,for the brushes resembled the S quality, and this value is for 
one brush only. Тһе current density at the leading edge is very high, 
falling rapidly until at the trailing edge it is in many cases zero or in 
the reverse direction. But over the first third of the brush, where most 
of it gets through, the density is fairly uniform. This is of some im- 
portance, for Professor Arnold (loc. cit.) has shown that when the 
current varies with great rapidity the ratio of instantaneous E.M.F. to 
current is nearly constant, and he applies this to the case of a dynamo 
brush. Whatever the value of the resistance may be under these con- 
ditions, it does not apply quite so strictly to the case of a brush as he 
assumes. Even at the trailing edge with a reversed current, the value 
will not fluctuate very much, unless the brush is even narrower than the 
one used here. 

It will be noted that the current density under the brush is little 
affected by the circumferential size of the brush. The whole line 
current passes through the leading segment, even though the larger 
portion of the brush is touching the segment behind. We may recall 
the statement made in Part I., that excessive brush area serves no 
useful purpose, and we see that the case is really stronger against 
low current density than appeared before. For the anticipated 
decrease in the E.M.F. will not be obtained, while the idle part of the 
brush is at best wasting power in friction, and may also be the seat of 
heavy circulating currents. This machine, for example, in these tests 
is taking half load with one-ninth of the brush surface supplied by the 
makers, and we have taken it up to two-thirds of full load with a single 
brush of one-eighteenth of the full brush area in a special brush holder, 
with no sparking and with a pressure of 30 oz. per square inch. The 
current density must have been very great, and possibly this extreme 
reduction of brush area was not economical, but it is instanced to show 
that high current density alone will not cause sparking. Іп fact, it will 
tend to increase the brush resistance effect in forced commutation at 
the trailing edge, and to lower the sparking E.M.F. Тһе only risk lies 
in overheating, if sparking should occur, for it will be concentrated over 
а shorter line with less cooling surface. 

The curves of current were obtained with very steady readings, 
though successive tests showed some irregularity of outline. But in 
spite of probable changes during a single sct of readings, the mean 
value of a succession of waves gives a height closely equal to the line 
current. The curves of E.M.F. were not so reliable, and it is extremely 
probable that the contact resistance at any one point under the brush 
will luctuate, causing a corresponding fluctuation in the E.M.F. 'There 
are scarcely enough points for accurate plotting of the bends, but an 
increase in their number would have protracted the duration of an 
experiment, and would have increased the probability of change of 
conditions. There is a certain uniformity in the undulations which 
tends to show they аге not simple irregularities, but an analysis of the 
current density and E. M.F. at each point would not be safe, 
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While the results of these last tests do not bring out any new 
phenomenon which has not been, or could not be, conjectured before- 
hand, they emphasise the fact that the leading edge of the brush is 
really the important part from the current-carrying point of view, and 
that the trailing edge should be reduced to its narrowest limits. The 
leading half should be of the best and most heavily graphitised carbon, 
and possibly the metallic impregnations sometimes used would be still 
better. But the trailing half should have a much higher resistance, 
preferably obeying Ohm’s law as nearly as possible. Тһе old carbon- 
fronted gauze brushes carry out this idea, but a single composite brush 
of uniform wearing qualities throughout will be more easily applied, 
and will require less attention. "There is no necd for several lamina- 
tions, for these circulating currents cannot get through the leading part 
of {һе brush, and low resistance laminations at the trailing half will be 
harmful. The high resistance at the trailing edge will force the current 
to the new segment in front, which is all that is required. 

The second point to which attention may be drawn is that the 
brush has far more power to commutate the current than is usually 
believed, at least by writers оп dynamos. A low inductance is 
necessary, but a uniform high contact resistance is not advantageous, 
for while it hastens the fall of current in the trailing segment it also 
checks the rise in the new one. А reversing E.M.F. is desirable, but 
not necessary, as is shown by Fig. 26, where commutation takes place 
without its aid, and it must be noted that, while the machine is only on 
half load, yet it is working with only one brush arm, and all three coils 
are commutated at once. The conclusions drawn from the curves of 
sparking E.M.F. are therefore substantiated, that the less stray field 
there is the more safely the machine will commutate. So long as the 
armature field is kept away from the short-circuited coil, the strength 
of the main field may be reduced to any limits. If the armature coils 
have reasonably small inductance, then a wide interpolar space, a 
narrow air-gap, good brush holders and brushes not too broad, will 
hardly fail to produce sparkless commutation and a cool commutator. 

In conclusion, we wish to express our thanks to Mr. W. С. Griffith 
and to Mr. H. J. Ireland for their assistance in the work on the re- 
sistance of brushes, and to acknowledge our gratitude to the Carnegie 
Trust for a grant in aid of this research. Their bestowal of a research 
scholarship has given leisure to one of us for the somewhat laborious 
experimental work which has been entailed, and the machines used in 
the tests form part of the new equipment of the electrical engineering 
laboratory in the Heriot-Watt College, to the purchase of which they 
subscribed a generous portion. 

DISCUSSION, 

Мг. Н.А. Mavor: This investigation on commutation has been much 
required. We have here not only a very careful scientific investigation 
of the subject, but we are presented with valuable practical results in 
the form of definite advice. I think I may say from practical experience 
that Professor Bailys conclusions are not only fully justified by the 
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experiments which he has carried out, but that the hypotheses which 
he has laid down are quite as fullv established by experience in the use 
of machines. It has long been evident to most of us that the empirical 
calculations of reactance voltage and other things have only an indirect 
bearing on commutation. While it is quite true that we can calculate 
and establish by experimental results the fact that a high reactance 
voltage is exceedingly unfavourable to commutation, it is also true that 
we may design our machines with everything that can be desired in 
the way of satisfactory calculations as to the reactance voltage and yet 
fnd a machine which is quite unworkable. This point is clearly 
brought out by the fact that most designers have different limits for 
the reactance voltage for small machines and large ones. Professor 
Baily has come to the conclusion that while we must always, as it 
were, keep the question of reactive voltage at the top of our heads, 
what we want to keep at our finger-tips is knowledge of the effects of 
the very things to which he has been directing our attention. One 
of the most important of these is vibration of the brush on the com- 
mutator. This vibration may arise from many causes, from the 
commutator being out of truth, rough, or made of unsuitable metal. I 
have recently come to this conclusion from the fact that there is now 
ageneral superstition against making commutators of any cast metal 
because of the risk of impurities rendering the friction inconstant and 
uncertain. I do not think that friction in itself is a very scrious 
matter. It produces vibration and brings about very uncertain results. 
Having obtained a commutator made of a homogeneous metal whose 
properties are known and which can therefore be dealt with by means 
of a suitable brush, we are again face to face with the condition of the 
surface of that material, and we are quite aware now that a hard-drawn 
pure copper commutator with a suitable surface may become very 
troublesome in presence of certain matters which may accumulate 
whether it is running or at rest. For example, the dust of textile 
fabrics is most injurious to the running of the commutator. In that 
connection the well-known empiric use of paraffin wax and such 
matters referred to by Professor Baily is interesting as giving an 
indication that lubrication is very important. After having considered 
the question of brush resistance, lubrication, and other matters, I must 
confess to a hankering desire to go back from the carbon brush to the 
copper brush. We know how, with some well designed old machines 
with copper brushes, the loss is minimised by the use of the copper 
brush, and how it is possible to get effective lubrication on the 
commutator by the mere accidental leakage of oil on it which occurs 
on all old machines. We can see machines that have been in use for 
twenty years with copper brushes, changing loads, and all the vicis- 
situdes they have come through, with the commutator in perfect 
condition. There does not seem, after all, to be any essential reason 
why we should incur the loss by the use of a carbon brush at all. 

Мг. W. B. Sayers: I am much interested to hear that Mr. Mavor 
is again thinking of copper brushes. I have had the experience of 
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seeing my experiments to a large extent extinguished by the advent of 
the carbon brush. I had been experimenting at Messrs. Mavor & 
Coulson's works with a view to obtaining sparkless commutation with 
fixed brushes by means of various devices, and I had attained a certain 
amount of success in that direction when the carbon brush came into 
the field and seemed to do very easily what I had found a troublesome 
and difficult thing. However, it has long since become clear that the 
carbon brush is not the complete solution of the matter which it was 
said at first to be, inasmuch as we see now many kinds of commutating 
poles and similar devices being introduced which were said by many 
at the time to be quite unnecessary. "The carbon brush is said to do 
all that is required. 

Mr. J. S. NICHOLSON : The paper would have been more interesting 
and instructive, especially to those who have had an opportunity of 
carrying out similar experiments, if diagrams of connections and 
apparatus had also been given. In thc experimental determination 
of the brush contact resistance the fall of potential is measured across 
both brushes. Тһе experiment would probably have been more com- 
plete if, in addition, the fall of potential between each brush aud the 
copper drum had also been measured. That has already been donc in 
previous researches, and I understand that the fall of potential is 
different at the two brushes. 

Mr. E. Lewis Ковіхѕом : As regards Mr. Nicholson's remarks about 
the difference in the volts lost between the commutator and the positive 
and negative brushes respectivelv, experiments have been carried out, 
and it can generally be taken that the drop is twice as large at the 
negative compared with that at the positive brush. This can be 
measured by using an ordinary brush insulated from the holder and 
pressed on to the commutator so that it carries no current. By con- 
necting this brush and the arm to a voltmeter, the lost volts can be 
measured. With regard to paraffin wax, care should be taken in using 
this on commutators. If the commutator is hot the wax immediately 
disappears ; again, if the commutator is at a temperature lower than 
the melting-point of the wax, the commutator becomes stickv, the 
contact resistance goes up, the brushes chatter, and sparking results. 

Mr. A. Н. KELsaALL: With regard to the last curves showing the 
rapidity with which the current is transferred from the “leaving” 
commutator segment to the “ making" commutator segment, I have 
been wondering whether Professor Baily eliminated the possibility of 
error due to microscopic differences іп the level of the bars, seeing 
that he was working with only three bars fitted. with resistances and 
taking his readings on the centre опе. Differences of level must enter 
enormously into the question, and Professor Baily has already obtained 
some results showing a tendency to vibrate. I suppose I am right in 
concluding that Professor Baily is distinctly in favour of high densities, 
and Г am wondering whether there is any special reason why he did 
not go beyond Ше бо amperes in his density experiments. I would have 
liked to have seen the curves traced out for higher densities, In the 
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case of the curves where the pressure seems to be ample for vibration, 
the curve is still dropping rapidly at 60 amperes. With regard to Pro- 
fessor Baily's figures for friction for different makes of brushes and 
holders, it would be interesting to know whether these are all of the 
type known as the box-type holder, or whether any of them are of the 
hammer tvpe. Ithink Professor Baily, a couple of years ago, expressed 
a preference for the hammer type, and I should be interested to know 
whether these recent experiments have modified his opinion on that 
point or not. For instance, the pressure on these brushes, from which 
the coefficient of friction was determined, is, I suppose, the measured 
pressure due to the spring, but in hammer-type brushes the friction 
itself has a tendency to increase or reduce the actual pressure between 
the brush and the commutator, according to the direction of rotation, 
and whether the tangent passes between the fulcrum and the com- 
mutator or outside the fulcrum. In some types of brushes I believe 
that this augmentation or reduction of the actual pressure is quite an 
important feature. I think also that there is some question as to the 
distribution of pressure ovcr the surface of the brush, so that a tangent 
at the centre of the arc of contact may not be the mean effective 
tangent. 


Dr. J. T. BOTTOMLEY (communicated) : The first subject dealt with D 


in the paper is contact resistance and the effect of lubrication. "This 
is a most interesting inquiry, but I wish that the experiments had been 
more judiciously planned out, so as to obtain the maximum of informa- 
tion, and guidance towards some sort of laws, if these are to be found. 
The pressures, which, by the way, are measured in a quite unrecog- 
nixed unit, in ounces (what sort of ounce is not stated), are said to range 
from 7 oz. to 46 oz., but the numbers chosen were 7, 12, 18, and 46. 
I can think of no relation between these numbers, and if we look at the 
curves, they are spaced so irregularly, and in a manner so peculiar, 
that one can scarcely help thinking that there must be some factor 
concerned in the result which has not been taken into account. Let 
us compare, for instance, the speeds 1,430 and 3,300 feet per minute, 
and note the rise in pressure from 46 oz. to 24 oz. at the two speeds 
and that from 18 to 7, at 1,430, and 18 to 12, and 12 to 7 oz. at 
3,300 feet per minute. Further, the speeds chosen for experimenting 
have no simple relation with each other. It seems to me that it would 
have been much more instructive had the pressures and speeds been 
raised, in the successive experiments, either by successive equal incre- 
ments or else by successive doublings. In spite of the difficulties thus 
introduced, and in spite of the great difficulties of the inquiry, the 
authors have obtained results which are wonderfully concordant. Тһе 
gist of these is given in Table І., and in an empirical formula con- 
necting electromotive force, current, and pressure. И is here that the 
inconvenience of having the pressure expressed in ounces presents 
itself in an unfortunate way. The results obtained with lubricated 
brushes are highly interesting. It is not, perhaps, quite generally 
known that even in the case of the plugs of a resistance box the 
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resistance at the plugs is markedly reduced if the plugs are thinly 
smcared with light paraffin oil. I believe this was first pointed out 
by the President of the Institution, Dr. Glazebrook, who found this 
to be the case in the course of his work at Cambridge and at the 
National Physical Laboratory. Probably the paraffin helps to clear 
away the film of air which invariably covers the brass surfaces, no 
matter what trouble is taken, by pressing the plugs into the holes, to 
get rid of it. The film of paraffin is more easily pressed aside from 
between the brass surfaces which come in contact than the corre- 
sponding film of air. In any case, the result is certain, a fact which I 
have verified. At the same time I must say that my experience is 
altogether against lubricated brushes. Тһе copper, or other metal, of 
the commutator segments does not and cannot wear down at exactly 
the same rate as the mica which insulates the segments, and the mica 
gets wetted by the lubricant. Тһе particles of metal or carbon from 
the brushes tend to stick to the mica, instead of being blown away, as 
is the case when the surface of the commutator is quite dry, and a 
tendency to spark is the invariable result. The results of the authors 
with regard to commutating poles seem to me to be of considerable 
value. It is to be hoped that they will Бс able to push this work 
further, and with the assistance of other types of machine. Sufficient 
experimenting has not, up to the present, been carried out to warrant 
safe generalisation. 

Professor Влилх (in reply): It has been pointed out by Mr. Mavor 
that a large machine can be made to commutate smoothly under a higher 
reactance voltage than would be safe with a small onc, and possibly 
the reason may be obtained in our paper. For while the air-gap and 
the magnetomotive force in it are not much greater than in the small 
machine, the linear interpolar distance is considerably larger, and 
hence the stray ficld at the coils under the brushes is smaller. There- 
fore, when running with fixed brushes the sparking E.M.F. does nct 
rise above a moderate value, and thc brush resistance alone is capable 
of checking the current, even against a high reactance. Considerably 
smaller air-gaps, similar to those of induction motors, might be used 
with advantage, and with no increase in exciting current a pole shoe of 
less breadth would then be possible. At the same time sparking is a 
phenomenon not always easy to explain, nor is it due to a single cause. 
Asan instance a particular motor was made with a commutator of cast 
copper, which on test ran without any sparking. But after a continuous 
run of some twenty-four hours it would begin to spark violently. The 
commutator was changed and the trouble disappeared. Some small 
difference in the surface may be the only variant between a good 
machine and an obviously bad one. 

Mr. Mavor has a tenderness toward the old copper brush, and, 
indeed, for low electromotive forces the losses in carbon brushes may 
rise to extravagant values for resistance and friction. But for anything 
like 400 or 500 volts the loss is not important, and the advantages are 
great. It must be remembered that not only is the reactance of a coil 
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in a slot high, but in cases where there are more commutator segments 
than slots, two or more adjacent coils lie in the same slot, and it is not 
possible to give a correct position to the brushes such as would be re- 
quired on the ordinary theory of current reversal by an induced E.M.F. 
Hence there must be a good deal of forcing, or trust in brush resistance, 
however carefully the brushes are adjusted, and the gauze brush will 
not be working under the conditions possible in smooth-cored machines. 
Even with commutating poles a very nice adjustment of field will be 
necessary. For example, in our tests on the 15-H.P. motor, we found 
that the three coils in one slot produced markedly different sparking 
E.M.F., and the increase in circulating currents and sparking was 
alarming when gauze brushes were used. It is possible to use fixed 
gauze brushes under suitable conditions, for the motors made in 189r 
for the City and South London Railway locomotives ran with fixed 
central brushes under a speed variation of 25 to 1 with full load and 
practically no sparking. But the speed was low and the ficld magnets 
very powerful, so that the distortion was small, while the armatures 
had smooth cores and only one turn per segment. Тһе Е.М.Е. set up 
in the coil would be very small, and with so small an inductance the 
current would be broken quietly. But they were not cheap machines. 

The question has been raised whether there is a difference between 
the drop of potential at the positive and that at the negative brush. 
Bevond noting that there is a difference, we did not pursue the subject, 
for the difference appeared to be probably due to thermo-electric 
forces between the surfaces of copper and carbon, and as the temper- 
ature of the carbon surface was likely to be variable, it was considered 
preferable to eliminate the effect by reading across both brushes. Pro- 
fessor Arnold, /ос. cit., has examined this matter more fully. The method 
of testing this and the drop of E.M.F. generally, which was proposed 
in the discussion, viz., to ht an insulated brush by the side of a working 
brush, with a voltmeter between, does not yield very definite informa- 
tion when used on a commutator, for as the current density in each 
part of the brush varies at different times when a segment passes under, 
the resulting E.M.F. refers only to an average value of the current. 
But it is a uscful practical test. We tried taking readings between the 
brush and a point contact pressed against the commutator, placing it at 
the centre and near the two edges of the brush. But the values, though 
quite definite and regular, had no very definite meaning, since they 
afforded only an average over the whole segment breadth, апа we 
accordingly arranged the more troublesome contact-maker method. 

Some surprise has been expressed at the very trifling amount of 
increase of E.M.F. produced bya lubricant, and we certainly antici- 
pated quite different results. Without proper care, however, a lubricant 
may cause a good deal of trouble, and its useis more adapted to central 
station dynamos than to small motors which receive little attention. 1 
am informed that carbon brushes boiled in paraffin give good results, 
but I have not tried them. 

In reply to Mr. Kelsall's question, we did not experiment on more 
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than one segment. Тһе surface of the commutator was quite smooth, 
and we had no reason to suspect any irregularity. If there had been 
any depression or undue elevation of the segment in question, the 
effects would have destroyed all hope of consistency in our readings. 
It would have been impossible to put resistances in all the lugs, because 
there was not room for them ; but it would have made no difference to 
the current values in the segments under the brush at the instant of 
taking a reading. All of these lugs had resistances, and the reading 
ccased until they came round again. 

We have been criticised for limiting the current density to 
60 amperes per square inch in the first part of the paper, and cer- 
tainly, if the last part had been done first, we should have carried the 
values higher. At the time I thought 60 amperes a liberal allowance, 
and was pleased to find ita safe value. But in reality the current density 
was much higher on occasions, for the bedding of the brush was not 
always perfect. In the tests on S carbons, undertaken quite recently, 
the densities were increased, and no change of behaviour could be 
detected. "The brush holders were chosen in order to climinate 
vibration as much as possible, for vibration, although a very usual 
concomitant, is too variable to yield comparative and consistent 
results. The plain butt brush represents also a large class of com- 
mercial patterns, though I believe it to be inferior to the hammer type, 
in that the latter preserves a much superior bedding. The butt brush 
had for our purpose the additional advantage that the pressure was 
definite, and was not influenced by any frictional tangential force, 
whereas with hammer or arm holders there is usually a component 
tending to modify the pressure unless the brush arm is exactlv at the 
correct angle. 

Dr. Bottomley asks upon what principle the increase of speed 
values was chosen. In the tests with butt brushes, Fig. т, he will 
find that each successive speed is about 50 per cent. greater than the 
preceding. In Fig. 5 a very low speed was substituted at the begin- 
ning to make sure of freedom from vibration, and the speed was then 
increased until some effect was noticed, subsequent increase being 
rather less than 50 per cent. each time. But in choice of both speeds 
and pressures we endeavoured to make such increase as would bring 
about a readable, but not too great change in the function sought. In 
Fig. 1 he has not taken the meaning of the sets of curves. The spacing 
increases in each successive set, owing to the increase of speed, and as 
the brush pressure rises, the influence of vibration comes into play 
only at higher speeds. Our unit of pressure was the ounce avoirdupois. 

No examples of the Morganite brush were examined. "The manu- 
facturers have made similar tests themselves, as they have informed 
me since the reading of this paper, the results of which are in 
general agreement with ours. There is undoubtedly much to be 
done in the comparison of different brushes, particularly under 
working conditions, i.c, commutating a current; but the investiga- 
tion will be extremely laborious, for the difficulty of obtaining 
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consistent results and satisfactory bedding is extraordinary. If I am 
able to extend these experiments I shall adopt some form of hammer 
brush, and shall use small areas of contact to hasten the wearing- 
down process and to retain it when obtained. It may be pointed out 
now, however, that the specific resistance of a brush, so far as we have 
gone, seems to exert small influence on the contact resistance. Thus 
the specific resistances of Morganite brushes, Le Carbone X, and Le 
Carbone S, are roughly in the ratio т, 3, 9, while their contact E.M.F.'s 
at бо amperes per square inch are about 172, 174, Гб, and even this 
difference is partly accounted for by the resistance of the short length 
of carbon between the surface and the potential contact. "This is sug- 
gestive, but requires more examination before any conclusion can be 
drawn. I am inclined to believe that the mechanical qualities of a 
brush, such as a low friction coefficient and freedom from chattering, 
are more important than its resistance, as brushes are made at present. 
And more important than the brush is the brush holder ; but this we 
have advocated at ample length in the paper itself. 

We wish to express our appreciation of the interest which the 
section has displayed in the subject, and in closing we have pleasure 
in referring to the benefit to science that is conferred by the Carnegie 
Trust through their research studentships and scholarships, and to 
express a hope that a not inconsiderable portion of these will be 
devoted to researches in the problems of applied science. Those 
who are occupied in teaching a subject which is perpetually changing, 
and who desire not only to keep abreast of its scientific developments, 
but also to keep in touch with its commercial applications, can find 
little leisure for continuous experimental work, and to such an one the 
co-operation of one who can devote the whole of his time to a piece 
of work is invaluable. 


Professor 
Baily. 
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ORIGINAL COMMUNICATION. 


THE ANALYSIS OF THE MAGNETIC LEAKAGES 
IN INDUCTION MOTORS. 


By ARTHUR BAKER, Whit. Sch., and JOHN T. IRWIN, 
Associates. 


There is still a considerable amount of uncertainty as to the proper 
value to be assigned to the leakage factor in the design of induction 
motors, even taking into consideration Dr. Behn-Eschenburg's valuable 
paper.* Тһе experiments herein described were undertaken with а 
view to check his results by entirely different methods, and, if possible, 
to arrive at new methods of separating out the various components 
which go to make up the leakage factor. The experiments were 
carried out at the Central Technical College, and, of course, it was 
impossible to get such a variety of machines as Dr. Behn-Eschenburg 


Opening of slots 
pee 


Each plate +05 thick. 


All dimensions in centimeters. 
FIG. 1. 


had ; but, on the other hand, some of the measurements made would 
be applicable only in a laboratory. 

Descriplion of Experimental Apparatus.—In the ordinary induction 
motor it is impossible to vary the air-gap without altering the openings 
of the slots, and, of course, altering the magnetic leakage conditions. 

In order to overcome this difficulty in the present case the experi- 
mental motor or transformer was made with the tips of the teeth in 
both stator and rotor in one plane, f.e., as if a 2-pole motor were 


* Fournal Institution of Electrical Engineers, vol. 33, 1904. p. 239. 
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developed out flat. Тһе air-gap was made and adjusted by projections 
at the ends of one set of stampings butting against the flat surfaces of 
the other set as shown on Fig. 1. By filing these projections any 
desired air-gap under 1°5 mm. could be obtained (a greater air-gap 
could be obtained by inserting a distance-piece of any non-conducting 
material). Іп order to measure the leakage that takes place across the 
slots, the windings in both the stator and the rotor were arranged in 
two portions, і.е., the conductors іп the bottom half of the slot were 
insulated from those in the half of the slot nearer the air-gap, the 
terminals of each set of windings being brought out to separate 
terminals. 

Although the apparatus is really a transformer, we shall speak of it 
as a motor having a stator and rotor, so as not to confuse the subject by 
the introduction of the terms primary and secondary circuits, especially 
as in some of the tests each winding in turn is used as the primary. 
The motor was designed for 3-phase working, and the number of 
pole pitches was two, so as to make the reluctance of the circuit 
practically independent of the reluctance of the two supporting pieces. 
The motor was excited from a rotary converter, which gives practically 
asine wave of E.M.F. The D.C. side was supplied at 200 volts, and 
the voltage on the A.C. side between the 3-phase slip-rings was 
about 122. It is known that the leakage factor varies with the shape 
of the wave of E.M.F., and it was therefore necessary to carry out the 
tests under properly specified conditions, | 

The symbols used аге the same as those used іп Dr. Behn-Eschen- 
burg's paper, and the more important are here given :— 


Е; = Е.М.Е. per phase per pole. 

f = frequency. 

в =air-gap in cms. 

b — axial length of core-body in cms. 

T — pole pitch. 

X — mean width of opening of slots in cms. 

п == number of conductors per phase. 

п, = number of conductors per slot. 

N — the mean of the number of primary and secondary slots 
per pole pitch. 

B = maximum density in lines per sq. cm. in the air-gap. 

$ = main flux. 

$, фи = leakage flux, slot flux, etc. 

D, — depth of slot. 

W, == width of slot. 

C, = magnetising current. 

Cr = full load current. 

0 


== leakage factor. 

The motor was designed, made, and wound at the College. The 
ends of all the phases were taken to a common terminal board screwed 
on to the end plates, the wires being led in through holes at the top 
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and the bottom of the board and fixed inside. It is evident that 
in winding a 3-phase motor developed out flat as described the 
windings will not be symmetrical with regard to each other, and that 
the wires forming the end connections of the three phases must cross 
one another in the centre, and hence a good deal of overlapping 
necessarily occurs. Тһе end connections of the central phase were 
turned well back on the end plates in order that the last phase wound 
might not have to project too far. This arrangement, of course, had the 
disadvantage that the lengths of wire for the three phases were different, 
and, of course, the self-induction of each phase was slightly different, 
and the mutual induction between the end connections of the phases 
varied considerably owing to the arrangement of the end connections. 
Great care was taken to get the air-gap uniform over the whole sur- 
face, the measurements being made in several places by the aid of 
feelers and a stout straight-edge before coupling together and again 
checked with feclers when ready for experimenting. 

There was never a greater variation in different parts of the gap 
than o'o5 mm., the mean of eight readings always being taken, the 
accuracy of the feelers being afterwards checked with a micrometer 
screw. 

When delta-connected and with a voltage of 122 across the mains 
the maximum induction in the air-gap was as follows :— 


Frequency . T die 30 40 50 
Maximum induction ... 7,900 5.900 4,750 


Constants of the Motor when Completed. 


Stator. Rotor. 
Pole pitches .. T i ies 2 2 
Slots per pole pitch për phase € ғ. 4 5 
Conductors per slot з ён ... I6 12 
Conductors per pole per phase ... ... 64 60 
Width of slot in cms. i ius ses I'IO одо 
Depth of slot in cms. А én ids 2700 2770 
Opening of slot in cms. ... ө: s 0'20 O15 
Width of tooth in cms. ... Pu ds 0'55 0'42 
Thickness of iron above slot ... iss 6:85 730 
Mean resistance per phase T T" ооо o'o8 
Air-gap in cms. (to commence) ... os 01397 
Pole pitch in cms. бз is i 20 
Breadth axially in ems. ... i ii 16 
Width of end contact surfaces... қ 7 


Theoretical Considerattons.—In the first place it was thought that the 
leakage across the slots might be an appreciable factor, and if this 
turned out to be the case, then there would have to be a further term 
added to Dr. Behn-Eschenburg's formula— 


3 , 5 ,609 
NUXNGT +t S 


C= 
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This would increasethe theoretical value obtained by its use, for it will 
be observed by reference to his paper that the values given by the 
existing three factors were practically always too low, the average dis- 
crepancy for thirty-three motors experimented on being as much as 
134 per cent. Again, іп the above formula, the winding or zigzag 
coefficient also seems too low, for in its determination the mean value 
was assumed to be one-half the maximum. 

Dr. Behn-Eschenburg himself drew attention to this fact, and 
lr. Hobart thought that in some cases, as the minimum was never 
wro, this winding coefficient ought to be doubled, making it S. 

іп what follows it will be shown that the best value is about e of 


Dr. Behn-Eschenburg's coefficient, making it T, 


Slot Leakage.—' The conductors сап be assumed, especially in low- 
tension machines of small output, to be equally distributed along the 
depth of the slot. In this case we have the M.M.F. across the slot 
varying directly as the distance from the bottom of the slot, and as the 
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FIG. 3. 


reluctance is practically that of the slot itself, the flux density varies 
from zero at the bottom to a maximum at the tip of the slot. Let 
п, = Хо. of conductors per slot, N = No. of slots per pole pitch, 
#:. Slot = total leakage across slot. 

VoL. 38. 13 
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Figs. 2 and 3 show how the leakage flux varies along the depth of 
the slot. 
The total E. M.F. generated by the leakage flux in one slot 


—4.4./.п,. $... 10-8. 

То confirm this experimentally, the winding in the slots was 
arranged in two halves as mentioned above, and the only way to 
measure the slot leakage was by observing the difference in voltage 
across the two halves when the same alternating current is sent through 
the two in series. The E.M.F. gencrated by the flux that cuts the half 
nearer the air-gap 

сы "n; 39 , gs 
=4.4./. У 3.107%. 

The E.M.F. generated by the flux cutting the half at the bottom of 

the slot 


= п; 39: —8 п; $: 
=4.4-f.5 . 4 IO + 4.4.7.5 e. 4 . 1 
=4.4f 2 35 IO 


The difference of voltage between the two halves which can be 
observed experimentally 


= Е bottom A E top = 4.4 f 22 Io 3, 
which is seen to be $ of the total voltage generated by the slot leakage. 
The maximum M.M.F. due to a magnetising current C, in the 
windings = C, V2.4 t. 
C, /2.47 n, 
W, ‹ 


үза dem par 


Maximum density — 


Total flux per slot — 


^. Total E.M.F. leakage per slot 
ш4.4./.п, | с ыу | 3 103 


=2.6fn уу Cob 107%, 
In a 3-phase machine total E.M.F. leakage per pole pitch 
D.a N 
uL ©: DIO ысы x wee ЖТ) 
The total E.M.F. generated per phase in a 3-phase motor per 
pole pitch 
2.224. T. fnb BA 107%, 
В = 4/2 С.п, № x .4т 
38 | 


E.M.F. =2.22(#).Т.Г.н,6 о =, 10-8 
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The ratio of the E. M.F. due to slot leakage to that due to main flux 
D, ё . D,é 


—1е., the ratio of the E.M.F. due to slot leakage to the total E.M.F. 
D,? 
T.W,.N 
Е slot leakage L — 
Etotal ^ L 
E slot leakage D, __ 

Eioal ^7 ^T.W,.N. 7 : (9) 
where в ,, = portion of total leakage coefficient due to leakage of lines 
across the slot. 

Where the voltage is high and the output of the machine small, 
the conductors, owing to the high slot insulation, instead of being 
unitormly distributed along the depth of the slot, will more nearly 
approach the case of a bunch of conductors concentrated at the 
middle of the slot. In this case it can be easily shown that the value 
of the leakage coefficient, which depends on the slot leakage, becomes 
approximately— 


generated is equal to 3.6 ‚ Where 2 is the equivalent air-gap. 


2. Since M neglecting the other leakages in L, 


Lu D). 
9и 10 у МТ. 


On the other hand, when the voltage is low and there is only one 
conductor per slot, and that very lightly insulated, as in a squirrel-cage 
rotor, or where the machine is of such a large size that there is only 
one conductor per slot, then the slot leakage will produce unequal 
distribution of current in the conductor, tending to make the total 
slot leakage less, and the voltage at the terminals of the conductor due 
to leakage might be taken as half the mean of what would be induced 
рег conductor if a large number of conductors were placed in the 
slot. [n this case— 


D, à 
003.0 DONT 

It cannot be greater than this, since there is a reduction of the 
total leakage, and also since there is now a greater ohmic drop in the 
conductor, part of the P.D. due to leakage across the conductor should 
now be taken as an additional С.К. drop. 

Zigzag Leakage or Winding Cocfficient.—It is very difficult to obtain 
an expression mathematically for the zigzag leakage. It has so far 
been determined by observations on motors differing in certain 
particulars. Dr. Behn-Eschenburg obtained an expression for it by 
observing the variation of the leakage factor, (a) when the number of 
poles on the same motor was varied ; (5) when the number of slots 
Per pole pitch was varied, all other dimensions remaining the same. 

It is very easy to see, however, what the ratio of the average to 
the maximum zigzag will be by considering one tooth, say, in the 
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rotor bridging a slot in the stator, as shown in Fig. 4, and assuming 
the rotor and stator to have the same number of teeth. Let Бе the 


Fic. 4. 


width of a tooth. Then when the rotor tooth is opposite the stator 
tooth, as shown in Fig. 4, the leakage flux— 


I w 
= К —._ 
$ І 


Ap Po д 
S. E 


2 2 


Now suppose the rotor tooth to move over a distance r, leakage 
flux 


; w 
Average leakage when rotor moves over a distance 2 


[/ Cx 
8 qe LL 


The ratio average to maximum zigzag, $ х=, so that in this 


simple case, where we assume that the openings in the rotor and stator 
slots are small compared with the width of the tooth, the ratio is two 
to three, and not one to two, as assumed by Dr. Behn-Eschenburg. 


The ratio of the $ to 4 is A so one has to replace the ў, іп Dr. 


Behn-Eschenburg's formula by АН 


If the above theoretical considerations are confirmed by experi- 
ment, then the value of the leakage coefficient could be given by the 
formula— 
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Determination of the Zigzag Leakage.—It is always possible to deter- 
mine the zigzag leakage on a finished machine as follows: A coil of 
very fine wire is wound so that it spans out the same pitch and has the 
same distribution of conductors as one of the stator windings on the 
actual machine, and so that the end connections follow the curvature 
of the end connections of the coils on the rotor, and are bent back to 
the same angle as the rotor coils. Remove the rotor and place the 
coil over one of the phase windings so that the wires on the test coil 
lie immediately over the corresponding conductors of one of the phase 
windings on the stator, i.e., it will have to be placed immediately over 
the slots. Now, one can measure the difference in voltage between the 
phase winding and the test coil when an alternating current is passed 
through the winding. This difference is due to slot leakage, peri- 
pheral leakage, and leakage due to the end connections. Ohmic 
drop will also produce a small difference, though in most cases 
that can be neglected, and if its effect is appreciated it can easily be 
allowed for. 

The total voltage due to the stator leakage, if the rotor and stator 


leakage can be assumed to be the same, is equal to 5 х Ритагу 


Voltage; where ø is the leakage coefficient obtained either by the 
voltneter method or by the ratio of the magnetising current to short- 
Circuit current. 

Therefore— 


: X Ур —Difference of voltage between phase winding 
and test coil 
== Voltage due to zigzag leakage, 


and therefore the value of the zigzag can be found. In the present 
experiments we have a second method of checking the result obtained 
by the above method. Іп an induction motor the zigzag leakage for a 
given voltage and frequency is independent of the air-gap, that is, if 
the main flux remains constant the zigzag flux will also remain 
constant. This may be shown experimentally. But the flank, slot, and 
peripheral leakages vary almost directly as the magnetising current 
when the slots are open. 

Therefore if one can reduce the air-gap without altering any of the 
other dimensions of the machine, the leakage coefficient will be reduced 
and one can draw a curve between magnetising current and leakage 
coefficient. The magnetising current cannot be reduced to zero, even 
when the air-gap is nothing, owing to the current required to send the 
flux through the teeth and cores, but one can estimate the probable 
value of в by producing the curve to the point where the magnetising 
Current would be zero. The value of в so obtained will be that due 
to the zigzag leakage only. 

It is also possible in a finished machine to obtain a very good idea 
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of the value of the zigzag leakage by running it at two frequencies as 
different as possible, but keeping the same voltage and wave-form 
of applied potential difference. At the higher frequency the mag- 
netising current and the main flux will be reduced. The main flux 
will vary inversely as the frequency, but owing to the increased per- 
meance of the iron the magnetising current will be reduced more 
proportionately than the main flux, and therefore the flank, peripheral, 
and slot leakages will be reduced more than the main flux and the 
leakage factor will diminish. The zigzag leakage will be proportionate 
to the main flux. 

Let о, be the leakage factor at a frequency fi. 

Let в, be the leakage factor at a frequency fa. 

Let K, be a factor which when multiplied by the magnetising 
current and by the frequency gives the leakage coefficient due to the 
flank, peripheral, and slot leakages. Let K, be the portion of the total 
leakage cocfficient due to zigzag leakage. 

Then— 


в, = К, С, Л, + К, 
с: = К, C, f, + К, 


where С, and C, are the magnetising currents at the frequencies 
f, and №. It should be pointed out that this test requires to be 
very carefully carried out, but since the voltage is constant the eddy 
currents will be constant. 

Experimental Evidence. —When the machine described at the begin- 
ning of the paper was excited when coupled up in delta, it was found 
that the current in the branches varied considerably, and when con- 
nected in star the voltage across one of the.arms was lower than across 
the other two. As the current through each winding when separately 
excited was practically the same, the out-of-balance currents must be 
due to the unsymmetrical arrangement of the end connections, to 
which attention has been already drawn. The voltages of the primary 
and secondary were nearly equal, and could be observed with great 
accuracy on an Ayrton and Mather electrostatic reflecting voltmeter 
reading normally to 85 volts, but by means of a potential divider it 
was arranged to read any voltage accurately up to 150 volts. This 
instrument was very convenient, as no correction was necessary in 
passing from one ratio to another, whilst with some of the very low 
voltages on the test coils used, the values could be read by coupling 
straight on to the voltmeter. As the leakage coefficient could not be 
determined by taking the ratio of the magnetising current to the short- 
circuit current, owing to the out-of-balance currents, it was determined 
by the voltmeter method. Starting with an air-gap of o'14 of a cm. 
the leakage factor was found when connected in delta at a frequency 
of бо, and with a voltage of 120 between the mains ; the mean leakage 
factor for the three phases was 0°0477. 

Slot Leakage.—One of the easiest leakages іп the present case to 
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separate out is that across the slot from side to side, as the coils com- 
posing the windings were wound in halves, the one near the air-gap 
and the other at the bottom of the slot. The voltage across each could 
be observed оп the electrostatic voltmeter. То increase the accuracy 
of the readings (1.е., the difference between the two for a given voltage 
across them) the air-gap was increased and a current considerably greater 
than the normal magnetising current sent through the rotor winding. 
When a current of 20:5 amperes was passed through phase winding 
№. 2 at a frequency of бо, the voltage, at the terminals of the half at 
the bottom of the slot was 6r, and that at the terminals at the top of 
the slot was боғ1, the difference being о'9. Now, the value theoretically 
of the difference between the voltages should have been as previously 
shown for one pole pitch. | 


D, 


Epa. = 2.6.3 Sn? uy b 1073 


p 
3 


Epa. 222.6.8.60(12Y .3. (20:5) A 16 X 10° X 3 
= 0'83 for the two pole pitches, 


which is so near that determined experimentally that it may be taken 
as correct. The actual voltage generated in the coil by the slot leakage 


would, however, be ; X 0:9 = 2'4 at this current of 20'5 amperes and а 


frequency of 60, and is practically proportional to the magnetising 
current. 


ANALYSIS OF LEAKAGES АТ AN AIR-GAP OF ГІ4 MM., FREQUENCY 44, 
THREE-PHASE STAR CONNECTED. 


Experimental Determination of Zigzag Leakage.—A coil of fine wire 
was wound as described on page 197 of the same width as one of the 
coils of the rotor and having the same number of turns, viz., бо. It 
was arranged so that its end connections occupied the same relative - 
position as those of one of the stator coils. 

Phase 3 was chosen as its end connections came out straight in 
both stator and rotor. The rotor was excited three phases and the 
stator removed, the search coil being placed over Phase 3 of the rotor, 
with the coil resting just over the gaps in the slots and the end con- 
nections occupying the same position as would the end connections 
of the Phase 3 of the stator. Resistances were placed in each branch 
to vary the current and keep it within reasonable limits. То show the 
increase of leakage as the end connections were bent back further, 
experiments were carried out as follows :— 
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FREQUENCY бо. 


AUR Es Current 17 Amperes. | Current 11 Aniperes. | 
RES а= | 
Рр о No.3 | | 
s | Phase. ‚ Р.О. Test Coil. Р.О. No. 3. P.D. Coil. 

o | 253 19'90 159 | 12730 

30" 253 | 16:80 159 | IO'IS 

Ro 253 14:60 159 | 8°35 

go 253 | 13°25 159 | 755 
| 


The difference in voltage between the phase winding No. 3 and the 
test coil when it comes out straight is 5'4 volts with 17 amperes, or 
0'318 of a volt per ampere. Тһе difference is 26 with 11 amperes, 
or 0327 per ampere. The mean difference is 0'322 of a volt per 
ampere, and this is due to slot leakage, peripheral leakage, and 
leakage due to the end connections. Now, when excited star, with 
an air-gap of 1'14 mm. at a frequency 44, it was found that the leakage 
coefficient was о045 and the magnetising current was 4 amperes for 
phase winding No. 3 for rotor when pressure across the phase winding 
was 776 volts. At this frequency and current the voltage ditfer- 
ence between the search coil and the phase winding would be 


©0322 X 4 X 4 — 9:94 of a volt. Now, half the leakage factor multi- 


бо 
plied by the main voltage gives the total leakage voltage— 
= 0°0225 X 77:6 =1'745. 

Now the difference of voltage between search coil and winding is 
due to peripheral, flank, and slot leakages, therefore the difference 
between the total leakage voltage and that due to these leakages gives 
the zigzag voltage, 1.е.-- 


1'745 — 0'94 = 0'805 of a volt. 


Percentage zigzag to total = 2295 х 100 = 46 per cent. 

The method referred toin the previous pages was now used to furnish 
another method of arriving at the zigzag flux. The air-gap was reduced 
progressively by filing away the end supporting pieces. The mag- 
netising current and the leakage coefficient at constant voltage and 
frequency were measured for each air-gap, and the results are plotted 
on diagram Fig. s. On diagram Fig. 6 a curve is plotted showing how 
the leakage coefficient varies with the magnetising current. 

As the magnetising current diminishes owing to the smaller air- 
gap, the leakage coefficient diminishes at first fairly rapidly, but at the 
end more slowly. Тһе diminution is due to two causcs, first, of course, 
owing to the direct fall of the current, and secondlv, owing to the 
magnetising current swinging more nearly into phase with the impressed 
volts as the power factor increases. The E.M.F. due to slot and flank 
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leakages, whose path is largely in air, will thercfore be more nearly at 
right angles to the main voltage, and will have very little effect in 
reducing the main flux below what it would be if there was no leakage. 

The zigzag flux and the main flux will, however, be in phase with 
each other, and practically at 90° phase difference to the main voltage. 

In the case, therefore, where the air-gap is reduced to zero, the 
leakage coefficient will be practically that due to the zigzag only, and 
from diagram Fig. 6 it will be seen that its value is about о`0195 when 
the curve between вап magnetising current is produced to give а 
value for the magnetising current =o. If this is constant at all loads, 
the percentage of the total leakage due to zigzag at an air-gap of 

0'0195 


1:14 mm. is equal to Оо X 100 = 41:5 per cent., as against 46 per cent. 


given by the search coil. It is evident that the value given by the 
search coil is too high, since it exceeds the total leakage coefficient 
obtained experimentally ; as, however, the two values agree very closely, 
they can be taken as confirming one another. The value 41:5 per cent. 
will be taken as the true value, however. 

It is now proposed to find the remaining leakages at an air-gap of 
I'I4 mm. with a frequency of 44 per second, and with a pressure of 
122 volts across the lines: when connected 3-phase star. Тһе mean 
magnetising current for the three legs of the stator winding was 
318 amperes, and the mean value of the leakage coefficient was 07047. 
It is now necessary to find what proportion of the total leakage 
coefficient is due to the slot leakage. 

The total voltage due to slot leakage was shown to be 2'4 volts, 
with a current of 20'5 amperes and at a frequency 6o. 

With the mean rotor magnetising current of 3:65 amperes, and a 
frequency 44, the leakage voltage is 24 X s x a = 031. 

The total leakage voltage per arm under conditions stated = 1°75. 


Slot leakage voltage per cent. of total — = = 177 per cent. 


Now it has been shown how the voltage across a coil wound over 
Phase 3 varied when the end connections were bent back through 
various angles. A curve connecting the difference in voltage between 
Phase 3 and coil with the angle bent back is shown on diagram Fig. 7. 

It will be seen that the voltage at first rises in a nearly straight line, 
but as the angle increases the rate of increase grows less. It is impos- 
sible to eliminate entirely the leakage of lines that link with the end 
connections of the phase winding, but do not link with the test coil, 
but if the curve is produced back for a very small distance, which it is 
assumed would bring the test coil into the position occupied by the end 
connections of Phase 3, then in that position the difference in P.D. at 
the terminals of the phase winding and search coil would be due only 
to slot leakage, the leakage across the tops of the teeth, and that across 
the slot above the winding. In that position the difference in P.D. at 
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the terminals of the two coils would be 4 volts—that is, with a current 
of 17 amperes at a frequency of 60. Now, the mean value of the 
magnetising current in the stator is 3118, and in the rotor, owing to 
fewer turns, 365, at a frequency of 44. Тһе difference of voltage due 


lo this current and frequency = ———-*- х 305 volts = 0°63 of a volt. 


The slot leakage voltage has already been found under the above 
conditions to be озі of a volt, so that the top of the teeth leakage will 


be 033 of a volt : i X 100 = 188 per cent. 

To find the percentage of the total leakage due to the end connec- 
tions it is only necessary to measure the leakage cocfficient on the three 
windings when they are each connected single phase. The difference 
in the leakage coefficient must be due to the end connections. When 
each phase was excited with 130 volts, the exciting current was 
422amperes at a frequency of 44 for the stator, and 4:8 amperes for the 
rotor. The following values of e were obtained by the voltmeter 


method. 


О 


= 


volts between coil and winding. 
my wo 


in 
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Difference 
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Phase r. Phase 2. Phase i. 


07045 T" se 0'0425 € s 0'036 


The mean difference in the value of е in Phase 3 from that in 
Phase і and Phase 2 is 9009 + ооо» = 0'0077. | 

The increase of leakage іп Phases 2 and 3 will produce а 
voltage = 2 (о"0077) (130) = 0'5 of a volt; if the magnetising current 
was 3'65 this voltage would have been for the same frequency 
do 

3 48 

the end connections of Phase 3, when excited, was assumed to be 
I'4 volts for a current of 17 amperes and a frequency of 6o. 

If the magnetising current were 265 and the frequency 44 the 
voltage would be 0:22. 

Mean leakage of three phases 


.,038 x 2 +022 X 3. 140 
ш 3 


= 0'38 of a volt. The valuc of the leakage voltage due to 


3 
— 0'47 of a volt. 


Percentage of total leakage 
= 0747 = 268. 
1775 


“. 


At an air-gap of r'14 mm., when connected star with a voltage of 
122 across the lines, the average value of the leakage coefficient was 
found to be 0:047. 

Analysed as above, the following values were obtained for the 
leakage coefficients and leakage voltages per arm. 


m " Voltage рег i 
Couticient. | Voltage, | Cent of Total | 
| i 
Е ЕЕ ; | 
Parallel portion of slot ... | 00083 0310 | 177 
Across slot over winding and | | 
between the teeth ... ... | 00088 0330 18:8 | 
End connections — ... — ...| 0"0131 0470 | 268 | 
Zigzag (a) search coil В 0°0216 0'805 | 460 
(b) variation of gap... O'OI95 0'727 | 41°5 | 
Total value taking zigzag 
given by method (a) .| 09518 1015 | 1093 
Total value taking zigzag | | 
given by method (b) ..| 00497 1:837 | Io4'8 | 
True value of total ... — ... | 00470 1'730 100'0 | 


It will be noticed that the sum of the total leakage voltages thus 
analysed makes up a total which is greater than the actual total found 
by experiment. It should, however, be pointed out that all the leakage 
voltages are not in phase with each other, and therefore their vector 
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sum may be equal to that found. It should be pointed out here that 
the leakage voltage due to the end connections will be very much less 
in the present case than in an actual machine where the end connec- 
tions of the rotor and stator are moving relatively to one another, and 
опіу for a very short period are they in the favourable position that 
exists in the present experiment. No attempt is therefore made to 
found any rule on this experiment for the leakage of the end con- 
nections. 

Dr. Behn-Eschenburg gave as the equation for the zigzag or 


| 


winding coefficient в = In the present case, since— 


2. 


М = 13'S, вии == 0 0165. 


Now in опе set of experiments в was found to be оо216, and in the 


other o'0195, which are seen to be nearly equal to 4, which gives 


4! 
¢=0022. Theoretical considerations first seemed to point to a 


value RA ‚ SO that this will be taken as giving more nearly the true value 


than > and practically to confirm the equation previously given for 
the total leakage coefficient— 


6 кы 


4 NM же 
= ++ NOW; 


N 
An application of this formula to the thirty-three motors given by 
Dr. Behn-Eschenburg in his paper is shown on the next page. As the 
ratio of the depth to the width of the slot was not known it was taken 
as equal to three. This ratio would, however, generally be lower for 
high-voltage machines and for the rotors of squirrel-cage motors. The 
value of the constant for slot leakage was taken as 772, but this also 
varies according to the number and the arrangement of the conductors 
inthe slot. The equivalent value of à was also unknown. It will be 
seen that the calculated result given by Dr. Behn-Eschenburg has to 
be increased by a value— 


р, ё І 
7^W SC N.T TN? 


The result is that the average disagreement from the observed value of 
«is reduced from 23:4 per cent. to 12:3 per cent. ; in other words, the 
disagreement is about halved. Тһе algebraic mean got by dividing 
the algebraic sum of all the disagreements by the number of the motors 
gives 4 per cent, £e, the probability is that the modified formulae 
Would give a value 4 per cent. low, as against a probable value of 
23 per cent. using the original formulae. 

The curves given by Mr. Hobart in the discussion on the original 
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paper showed for the same motors an average disagreement from the 
observed value of 9 per cent., and the probability is that the coefficient 
found would be 6 per cent. lower than the observed value. 

The modified formula given on the previous page is therefore of 
about the same order of accuracy as Mr. Hobart's curves, and at the 
same timc indicates how the value of е varies with the dimensions. 


Lisr ОЕ THIRTY-THREE MOTORS GIVEN IN DR. BEHN- 
EscHENBURG'S PAPER. 


] ! 1 ] 
d Difference ' 
| №. 72 Dè 1 ы | E d m Difference. | Per Cent. | 
| W, ы М А Т. ) 72 | еа са. ае. alte, Observed. 
| us T а чер эчу ee А 
Гот 0'0029 00023; 00052 | 0`0524 | ообо 0.0076 — 12-7 
2 00062 00051, 00117 | ооб) 0:090 00209 —232 
3 0'0029 0'002 0'0052 | 0`0403 | 0945 0'0047 —104 | 
4 0'0006 0°005т | O'OII7 0'0570 | 0073 00180 - 240 
5 0'0042 0°0039 | 0008І | 070470 | 0`050 0'0030 — 60 
6 00075 | 0'0009 | 00144 | 00639 | 0063 00010 + 16 
7 00042 | 00030) 00081 00380 | 0942 0'003I — 74 
8 0'0075 o'0009 | 00144 | 00558 | 09056 — == 
9 00008 00056 | ©0124 | 0'0072 | 0067 -- -- 
10 00008 i o'0056 | 0`0124 | 00472 | 0'046 0'0012 + 26 
11 0'0057 | 00045 | 00102 |00499]| 0054 0.0041 — 76 
12 0'0075 | 0°0050 | 0`0131 00553 0'070 0'0147 —21'0 
13 00093 ' 00056 | 001490 | 00534 | 0060 о`0006 — 11го 
14 0'0057 ; O'0045 00102 | 00513 | 0054 00027 - 50 
15 0'0120 '0'0045 | 00105 | 00552 0-002 0'0038 — 61 
10 0'0045 | 0'0033 0'0078 00498 Моё: known 
17 00003 00033, 0000 | 00505 Not | known 
18 0'0047 o'0055 | 00102 | 00492 | 0°046 00032 + 70 
19 000606) | 0°0055 O'OI2I ообо! 0`055 O'OOSI + 93 
20 0.0033 0`0001 0012 о 0486 | 0040 00086 +215 
21 0'0084 ' 0'O09I 0'0175 00627 0'054 0'0087 +16°1 
22 0:0038 00033 | 0'0071 | 0'0328 | 0042 0:0092 — 220 
23 O'OOIO 0'0008 00018 |00187 | 0022 0:0033 --150 
24 0°0008 0'0055 0'0123 о 0569 0'007 O'OIOI —]50 
25 0'0017 0*0014 00031 00337 0'033 0'0009 + 28 
20 0`0005 o'0009 | 00134 | 00593 | 0`064 070047 - 73 
27 o'o016 0'0017 | 00033 | 0`0314 | OOi4 00026 - 70 
28 0'0068 0'0055 00123 00497 особо 0'0103 — 17:2 
29 00030 0'0024 | 00054 | 0'0324 | 09043 0:0106 —247 
30 0'0082 | оооу | 00173 | 0'0064 | оо54 00124 +230 
31 0:004Т 00023 | 0'0064 | O'O35I 0'039 0'0039 — 10-0 
32 0.0104 ‚ 0'OO9I 00195 | 00072 | 0:075 00222 4-290 


33 | 0'0085 | o'oo60t | 00146 | 00753 | 0`065 0:0103 +159 


Ц has been assumed up to the present that the zigzag leakage is 
constant for a given machine, and independent of the air-gap and of 
the frequency and of the main voltage. То prove this the air-gap was 
varied between very wide limits, i.c., from 1395 mm. down to 0:38 of 
a millimeter, and the flux measured in three positions, as shown on the 
accompanying figures, 8 and 9. Coil I. was placed over the central 
tooth of Phase 2. Coil II. was placed on a tooth on rotor opposite 
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Coil I. Coil III. was placed in the gap between stator and rotor as 
shown. If the permeance on each side of the winding had been соп- 
stant, then when Phase 2 only was excited the coils as shown in the 
figure would not measure any of the main flux, and there would be no 


Fic. 8. 


X HE | 


Кіс. 9. 


zigzag. In the figure the rotor is shown moved through half a tooth 
pitch, and the voltages generated in the coils are again measured. In 
each case 126 volts is put direct across Phase 2, and the magnetising 
current allowed to flow with the various air-gaps, i.e., the main flux 
remained constant. 


P.D. on Test Coils of Twenty Turns. 


Air-gap | Primary Position in Figure. Position in Figure. 
in mm. Volts. ұл 

Оп Оп Охег бө | | Охег 
Primary.| Second. | Tooth. Primary. | Second: Tooth. 


I. п. ПІ. 


1395 , 1263 0845 | 0520 | 0475 | orig 073 0'475 
0762 | 1265 o'890 | 0°525 | 0475 | 087 | о79 | 0475 
0380 | 1256 0'830 | о580 | о470 |! 085 | 0°76 | 0°475 


Тһе air-gap could not be reduced to а lower value on account of the 
exploring Coil II., but it will be seen that between the wide limits 
given the E.M.F. induced in the three coils is practically constant. И 
the distribution of the flux in the air-gap does not vary very much, 
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then it can be assumed that the zigzag is practically constant for all 
air-gaps. Тһе windings were also excited with 3-phase currents, 


and the voltages registered on the coils are given as follows :— 


' Mean Voltage P.D. on Test Coils of Twenty Turns. 
Mir-gap ==. Across Ree ee es ыкы сс ы — 
in mm. Windings. | | | 
Ритагу. | Position in Fig. 5А. | Position in Fig. 58. | 


-------- i тег, a 
Coil I. | Coil II. | Coil IHI. Coil I. | сой 11. Coil ПЁ. 
II42 73 260 | 200 | 0'9o 260 | 2:08 . гозо 


o381 73 243 | Г9г | 0725 | 247 


In this case the voltage measured is greater, as we аге measuring 
the portion of the main flux that passes through the coils. In this 
case all the voltages for some reason are lower at a lower air-gap, but 
their ratio remains nearly constant. Now from the diagrams Figs. 5 
and то it will be seen that when the air-gap is reduced to zero with 


тыу 
Ve 


N 


.- 


= 


\ 


—P——: 0 
Freq uency |60. 
Voltage, ^ 122. _ 


| | | | Star connected. 


Leakage coefficient 
А : . 
о 
Magnetising current. (stator) 


FIG. 10. 


frequencies of 44 and 60, the leakage coefficient is practically the same 
in both cases, so that the zigzag is independent of air-gap and of fre- 
quency. It therefore must be independent of voltage in primary, 
since the variation of permeance of the iron parts within the limits 
used in ordinary motors will not affect the distribution of the zigzag 
leakage. While recognising the limits to an investigation by the above 
methods, the authors hope that results obtained will be of use in 
enabling a closer approximation to be made to the value of the leakage 
coefficient. ‘They have to thank Professor Ayrton for the facilities and 
advice given them in connection with the experiments. 
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Proceedings of the Four Hundred and Forty-eighth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
January 10, 1907—Dr. К. Т. GLAZEBROOK, 
F.R.S., President, in the chair. 


The minutes of the Ordinary General Meeting held on December 20, 
1906, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS, 
From the class of Associate Members to that of Members :— 
Hermann Bohle. F. Mackenzie Lea. 
Ignatius Bulfin. George Ernest V. Thomas. 
James T. Cornish. Henry Nicol Thomas. 


From the class of Associates to that of Members :— 
Joseph Jervis Atkinson. | Harold Wm. Firth. 
John Joseph Francis O'Shaughnessy. 


From the class of Associates to that of Associate Members :— 


Ernest Holt Owtram. | Edward Vernon F. Shaw. 
From the class of Students to that of Associate Members :— 
Andrew H. Gordon. Ernest J. Nichols. 

Cyril Grimes. Edwin Ross Rudge. 

Hugh Arnold Price-Hughes. Herbert John Seale. 

John Wm. Law. James H. Soames. 


VoL, 88. 14 


210 DONATIONS TO LIBRARY, ELECTIONS. [Jan. 10th, 


Donations to the Library were announced as having been received 
since the last mecting from Messrs. Gauthier-Villars, F. Gill, R. S. 
Hutton, Macmillan & Co., Ltd., Т. C. Martin, Е. J. A. Matthews, 
H. Wilde ; to the Building Fund from W. Duddell, S. E. Glendenning, W. 
Golledge, R. Hammond, Professor A. Hay, D. Henriques, Sir H. B. 
Jackson, E. Mascart, F. S. Miller, C. W. G. Nelson, F. Nicholson, R. O. 
Ritchie, M. Solomon, Sir J. W. Swan, A. J. Venables, T. C. T. Walrond ; 
and to the Benevolent Fund from J. В. Andrew, Ivon Braby, А. 
Denny, B. M. Drake, W. Duddell, R. Hammond, K. Hedges, S. H. 
Holden, J. R. P. Lunn, E. de M. Malan, C. H. Merz, F. H. Nicholson, 
C. C. Paterson, H. L. Кізсісу, 5. С. C. Russell, Sir David Salomons, 
А. А. C. Swinton, Е. ]. Thompson, К. W. Wallace, K.C., T. C. T. 
Walrond, Captain R. F. Willis, J. Woodside, C. H. Wordingham, The 
Committee of The R. K. Gray Portrait Fund, to all of whom the thanks 
of the meeting were duly accorded. 


Mr. A. Russell and Mr. M. J. E. Tilney were appointed 
scrutineers of the ballot for the election of new members, and, at 
the end of the meeting, the following were declared to have been 
duly elected :— 

ELECTIONS. 
As Members. 


John Christie. | George Verity. 
Arnaldo Paolo Zani. 


As Associale Members. 


William Tannahill Calderwood. Leonard Parry Mell. 
Henry P. Clausen. Charles Mittelhausen. 
Frank Huntingdon Corson. Robert Burgess Mitchell. 
Leonard Woods Curgenven, Eng.- Robert Pohl. 

Lieut., R.N. Guillermo Alberto Puente. 
Morton Cuthbert. Lionel Eugene Radcliffe. 
Cyril Edward Davies. Sidney Ransom. 

Leopold De К. Du Verge. George Macaulay Robertson. 
T. Stanley Greenwood. Creswell William Shepherd. 
Clement Henry Armitage Hirtzel. Cecil Leslie Sumpter. 
Robert McCourt. William Henry Ware. 


John Buckland Windsor. 


As Associates. 
James Gray. | Claude Leslie Watson. 


The following paper was read and discussed, and the mceting 
adjourned at 9.30 p.m. 
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NEW INCANDESCENT LAMPS. 


Ву J. SWINBURNE, F.R.S., Past-President. 


(Paper read Fanuary 10, 1907.) 


A little more than a quarter of a century ago several men were 
working out the arc lamp, and inventors were bringing out what they 
called semi-incandescent lamps. People’s ideas were very obscure in 
those days, and much confusion was due to the misstatement of the 
problem that was really waiting for solution. At this time they were 
trying to solve the problem of the “Subdivision of the Electric Light.’” 
The ordinary dynamo of commerce was series wound, and much 
difficulty was experienced in running more than one arc lamp on а 
gven machine. Some of the makers succeeded to a certain extent. 
For instance, Jablochkoff had a dynamo with a number of separate 
circuits, and each circuit ran several lamps in series. Brush, again, ran 
lamps in series on series-wound arc machines, but inventors generally 
were trying to run several arc lamps from a single series-wound 
Gramme machine, giving бо volts and, say, 20 amperes at rated output. 

One of the first to understand the real nature of the problem and 
the proper means of solving it was Edison. He realised that high- 
resistance lamps could be worked in variable numbers in parallel on 
constant-pressure circuits. This seems so obvious now that we cannot 
understand where the difficulty came іп; but a reference to the techni- 
Cal press just before 1880 will show that people's ideas were very 
chaotic. At this stage there were evidently two things necessary for 
distribution : a small lamp and high pressure. Edison seems to have 
begun with a high pressure especially in view, and therefore worked 
upon high-resistance lamps made of platinum. Swan, on the other 
hand, began by keeping small lamps especially in view, and worked on 
carbon, beginning with low resistance. Swan found low-resistance 
carbon lamps promising, then went on to high resistances, while 
Edison, having high resistances chiefly in view, took out a patent for 
using a filament of carbon to give the high resistance. · The curious 
thing is that once platinum was put aside, it was always assumed that 
Carbon was the only material possible. From 1880 until quite recently 
it seems to have been generally taken for granted that no departure 
from carbon was possible. Certainly, there were sbme experiments on 
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silicon. Ав silicon is very closely related to carbon, it seemed likely 
that it would make a good filament, but nothing came of it. Attempts 
were also made to coat carbon filaments with silicon and with boron. 

It may seem strange that people did not experiment on some of the 
more refractory metals ; but a little consideration will explain matters 
to some extent. In the first place, the interest was small. Now, when 
lamps are made by the million, an improvement means a fortune to the 
inventor. Тһе result is that there are far more people, and especially 
far more very highly trained men, working on the subject now. 
Another point is, that in the early davs very little was known about 
most of the refractory metals. During this time, for example, such 
substances as thoria, ceria, zirconia, and other “гаге earths" have 
become quite familiar to the practical chemist. Again, we have 
become much more familiar with high temperatures and high melting 
points through working with the electric furnace. Many people, no 
doubt, thought of trying some of the refractory metals, but the informa- 
tion was very vague and very meagre, and no one had any clear ideas 
about high temperatures. Опсе we got into anything above 1,000? C. 
we had no means of comparing temperatures, and no sort of accurate 
ideas of temperatures at all. If one looked up chemical literature to 
find out whether a given metal had a high enough melting point to be 
of use, all that could be found was that some said it was infusible ; 
others said it was fusible only at the “highest temperature of the 
forge." Suppose, for example, any one thought of trying chromium, 
he would find that the process recommended was mixing the oxide 
with lampblack and subjecting it in a carbon-lined crucible to the 
heat of a blast furnace. A lamp inventor seldom keeps a blast 
furnace ; but the method suggests a rough way of working, and a very 
impure result, as even before the days of the vulgarisation of carbides, 
we all knew that certain metals took up carbon, like cast iron. Then 
he would find that the chromium so made is crystalline powder, less 
fusible than platinum, and that is АП. The information would not lead 
the most sanguine inventor to try making chromium into wire, and 
making lamps of it. In fact, the information that it scratches glass, 
and is at least as hard as corundum, is in itself enough to discourage 
him. We can now get chromium by another method altogether, 
which does not involve carbon—namely, reduction by means of 
aluminium—and this process has given us several metals. Research 
in the direction of special steels has also made us much more familiar 
with many of the refractory metals. 

But in order to make a successful lamp it is not enough merely to 
look up the melting point of a metal, or even to find it out by experi- 
ment. Тһе people who have so far succceded have had an exceedingly 
difficult task. They have generally had, first, to work out a chemical 
process which gives pure metal. This in itself is no small achieve- 
ment. Next,they have to find out if the melting point of the metal 
is high enough, and then they have to face the exceedingly difficult 
problem of making fine enough wire of a metal which seems almost 
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unworkable. Even this is by no means all; the question of specific 
resistance and fineness and length of wire comes in. 

This raises at once the most serious consideration as to the new 
metallic lamps. 

The early Swan lamps took from 40 to 7o volts, but it was soon 
found that that was too low a pressure even for such work as hotel and 
theatre lighting. Edison used about тоо volts, and in this country the 
Swan Company turned out good roo-volt lamps about 1884. It was 
found very difficult in those days to make lamps for more than 100 to 
110 volts, as the process then in use for making the filaments did not 
lend itself to very thin conductors of considerable length. About that 
time, however, the method of making filaments by squirting a solution 
of pyroxylin and reducing it, or squirting a solution of cellulose in 
chloride of zinc, came into use. All the time the demands of 
economical distribution had been pressing lamp makers to provide 
200 or even 250-volt lamps. Carbon lamp makers have now been able 
to make 200-volt lamps, even of small powers, for some years. When 
it is remembered that the process of squirting a solution of cellulose 
into a liquid is now employed for making artificial silk, it will be 
realised that squirting enables the lamp maker to make his filaments 
as tine as he likes. The difficulty, then, is not in making a sufficiently 
fine thread in the first place, but in mounting it, and above all, in 
getting a durable lamp of such fine material. If the surface emission 
is the same, the pressure varies directly as the square root of the cube 
of the length of the filament. Other things being equal, a 200-volt 
filament is nearly 1°56 times the length of the roo-volt conductor, and 
about two-thirds of the diameter. It is thus very much weaker. 
Weakness is not by any means the only consideration, however. The 
slow wearing of the surface causes a greater percentage difference in 
the resistance of the lamp ; and there is double the pressure available 
for causing discharge across from one leg of thé filament to the other. 
The only way the lamp maker can reach high pressures, other things 
being equal, is by increasing the size of the lamp, that is to say, 
making 16 instead of 8 candle lamps, and so on. In old days the 
ordinary lamp was about 20 candles, then came 16 candles, and then 
the 8. These sizes seem to have been the result of chance, as the 
ordinary gas burner with which the electric lamp had to compete at 
that time gave from то to 12 candles. 

We have thus the distribution engineer clamouring for high 
pressures, and the lamp maker trying to meet his demand, and making 
up to 250-volt lamps. The lamps are naturally worse than those 
made for lower pressures—in fact, until you get down to such low 
pressures that the filaments become sticks, the lower the pressure 
the better the lamp—but the combination of better distribution and 
worse lamp is on the whole much better for the public, as the gain 
through better distribution is greater than the loss through inferior 
lamps. 

Before leaving carbon lamps, an American improvement has been 
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introduced by Mr. Howell. The carbon filaments are heated in an 
electrical furnace to convert them into a form of graphite. This is 
really perfecting an old process rather than inventing a new опе. The 
effects of high temperature were known long ago. In 1884 and 1883 
it was important not to treat the filaments with hydrocarbon, for patent 
reasons, and the filaments were simply electrically heated to harden 
them and reduce the resistance. То prevent deposition of carbon рге- 
caution had to be taken, as the vapour from the grease used for lubrica- 
ting a glass tap or sealing a joint was enough to deposit visible traces 
of carbon. Filaments heated electrically without deposition were hard, 
flexible, and black, and in some cases they had about the same resistance 
hot as cold. They were more durable than carbon-coated filaments. 
The American lamps are probably a development of this idea. Every 
carbon lamp maker has known for many years that “ flashing” not only 
deposits carbon, but entirely alters the nature of the filament itself. I 
believe flashed filaments do not act on hot strong sulphuric acid. 

As soon as we deal with metal lamps the question of dis- 
tribution comes up again. How are lamp makers to get the metal 
wire so fine that it will take, say, 200 volts? The metal lamp can 
only supplant the carbon on the ground of higher efficiency, and the 
efficiency claimed is much higher. Thus if a carbon lamp of 200 
volts and 16 candles has an efficiency of 025 candles per watt, it must 
have a resistance of 625 ohms. To make a carbon of 625 ohms small 
enough to give 20 candles at о25 c.p.w. is a feat, but to make а 
metal wire to do so is a very difficult matter. But a metal lamp 
is made to work at, say, 0°75 c.p.w., and that means that for 16 candles 
there are only 21°4 watts. This means a resistance of 1,870, or nearly 
2,000 ohms. То make a lamp filament of metal so as to have а re- 
sistance of 2,000 ohms, and only to give 16 candles at a temperature 
necessary to give such a high efficiency as 075 c.p.w., would Бе а. 
wonderful feat. There are two influences which help the metal lamp, 
however; the resistance of the metal rises considerably with the 
temperature, as a metal is run not very far from its softening point, 
and the emissivity of bright metal is less than carbon, so that to give 
the same light at the same efficiency the wire may be larger. It seems 
probable, however, that bright metal surfaces increase in emissivity 
as they get hot, that is to say, they get blacker as they get hotter: 
a black body being brighter at a given high tempcrature than a 
white body. 

We thus come upon the weak point of the metallic lamp; it is 
very difficult to make a small lamp of 200 volts. The questions are, 
therefore, whether the higher efficiency of the metal lamp will induce 
us to bring our pressure down to 100 volts or less, on the one hand, 
or whether the metal lamp сап be made to take 200 volts or more 
either by further perfection by the use of some sort of transformer, or 
by using larger lamps, say, 50 candles cach. Of course, we may take 
to running the lamps in pairs, or in threes in series, but that does not: 
secm likely. We went through a good deal of trouble of that sort 
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in the early days of the carbon lamp, and it is improbable it will 
Бе repeated. Large buildings may be wired on the 3-wire system with 
a dead middle wire ; but this does not appeal very strongly to modern 
engineers, and it is only applicable to new buildings that are not 
yet wired. If the metallic lamp had come into being twenty years 
ago it would have commanded its own conditions, but now it has 
to adapt itself to the conditions already existing. The average house- 
holder will certainly not put in a special transformer to give him 
100 volts, and it will take a good deal of persuasion to induce a 
supply company to convert its 3-wire into a 5-wire system. At 
the same time it must be remembered that there arc still plenty of 
100-volt circuits, and the output necessary to supply these is quite 
great enough to give the metal lamp a footing which may enable it 
to prescribe its own conditions in the future. It seems probable, 
however, that people's ideas of the value of light will alter, and that 
incandescent gas or large metal lamps will soon lead them to use 
3o candles as the normal light at each point. At the same time, the 
ingenuity which has made metal lamps possible seems quite capable 
of making 200-volt 16-candle lamps within reasonable time. 

When we come to the question, What metals or compounds are 
available for lamp filaments? we have to consider the melting point, 
the specific resistance, and the possibility of making the filaments 
in practice. As to the melting point, it has been quite impossible 
to ‘melt many of the metals until the electric furnace came 
into use; but the electric furnace generally deals with the metals 
in the presence of carbon, which probably alters their melting points. 
But apart from that, before the recent development of the study of 
radiation, there was no means of measuring such temperatures as 
the fusing point of tungsten, for example. Even yet we have 
no data as to the melting points of most of the refractory metals. 
The best guide available is the Periodic Law. 

We may take what is generally known as the fourth group, and take 
the even series. This gives us carbon, titanium, zirconium, cerium, 
an element not yet discovered, and thorium. We may also take in, for 
consideration, boron, which is next to carbon, but in the third group, 
and silicon, which is also next to carbon, and in its own group, but in 
the third odd series. Then in the fifth group we may take the even 
series and get, after nitrogen, vanadium, niobium, didymium, tantalum, | 
and an unknown element. In the next group we get, after oxygen, 
chromium, molybdenum, а ghost, and tungsten and uranium. Іп 
Series 6, running through Groups IV., V., УІ, we get zirconium, 
niobium, molybdenum ; and in Group VIII., rubidium, rhodium, and 
palladium. Series то, which contains tantalum and tungsten in Groups 
V. and VI., has osmium, iridium, and platinum in Group VIII. By 
using elements whose melting points are known to be high as a sort of 
guide post, we can pick out the elements most likely to have high 
melting points. 

Instead of using a table of elements we may work from curves 
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TABLE I. 
GROUPS. 
Г. II. III. IV. V. VI. VII. VIII. 
I| H 
2 Li Be B C N O F 
3| Na Mg А] Si P S СІ 
4 К Са 5с Ті V Cr Mn | Fe Co Ni Cu 
5| Cu Zn Ga Ge As Se Br 
; б Rb Sr Y Zr Nb No ? | Ru Pd Rh Ag 
tz 
Е Еи арса аашаа |з г 
Ф 5 Ар | Са |In Ѕп Sb Te I 
8 Cs Ba La Ce Di ? Sm|? ? ? ? 
9|? ? ? ? Ег ? ? 
IO ? ? Yb ? Та W ? | Os Pt Ir Au 
111 Au Hg ТІ РЬ Ві ? ? 
12 ? ? ? Th ? U ? 


Fig. і shows three curves. Іп all, the horizontal distance is the 
atomic weight. In the top curve the height is fusing point; in the 
middle curve, atomic volume ; and in the lower curve, conductivity. It 
must be admitted that the information obtained is very vague, and it 
can be used only as a sort of index to show the probable directions for 
success. The melting points when high are very indefinite, so the 
peaks of that curve have been omitted. There are very few accurate 
data available as to conductivity of the metals. 

It will be scen that the high melting points correspond with small 
atomic volumes, Electrical conductivity seems to follow the same sort 
of rule. 

In discussing the possible manufacture of various metallic filaments 
it must be mentioned that I am not a specialist in this subject. Twenty 
years ago, with comparatively few exceptions, people knew even less 
about incandescent lamps than I did, but now this is all changed. But 
it may still be worth while to have the subject brought before the 
Institution in a general way, as, apart altogether from practical details 
of manufacture, the matter is of great importance to the industry. 

In making carbon filaments the practice is to make a thread of 
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cellulose and carbonise it ; but in early days it was proposed to make the 
filaments of a paste such as lampblack and tar worked up. No 
practical lamps were ever made in this manner; but straight rods 
about a millimetre diameter were made as arc-light carbons, I think, by 
Messrs. Carré, and these were made into incandescent lamps. They 
were probably ground retort carbon made into a putty with sugar, 
treacle, or tar, and carbonised. 


| ^ 
— m — > 


Fic. I. 


In making metal or carbide filaments there are several processes. 

A carbon filament may be made first, and this may be coated by 
electrical heating with other substances, and the carbon can then be 
volatilised, 

The same process can be carried out except that the carbon, instead 
of being volatilised, is combined, making a carbide. A wire may be 
deposited electrolytically from a solution. 

The material may be ductile, in which case it is drawn into wire in 
the usual way. 
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The material may be made into a very fine, smooth powder, and 
mixed with some agglomerant, and squirted. The squirted filament 
is then dried, baked, and heated electrically to get rid of carbon if an 
organic binding material has been used. 

An oxide may be mixed with carbon and made into a paste and 
squirted. The filaments, after baking, are heated electrically іп vacuo ; 
the carbon then reduces the oxide, making either metal or carbide 
according to the proportion of carbon employed. The carbon may be 
supplied by heating in hydrocarbon vapour. 

The oxide may be made into a rod and run like a Nernst lamp, 
except that the process is carried out either іп vacuo or in hydrocarbon 
gas, so that the oxygen is removed, leaving metal. 

These are the most likely, or the least unlikely, ways of making 
filaments. There are others which figure in patent literature a good 
deal. The laws of nature, as revealed in patent specifications, are, 
however, so extraordinary that I do not feel justified in confusing 
your minds with them. 

The accounts in the technical papers of the methods used by the 
inventors may not always be absolutely true in detail, and they 
frequently have quite a suspicious flavour of patent specification. 

The plan of coating a carbon and then volatilising the carbon by 
heat has a heroic ring about it, which promises a lamp capable of very 
high efficiency ; but I want to see it done. Most metals are likely 
to form carbides rather than let the carbon go off. 

The Cruto lamp of about 1884 was supposed to be made by the 
converse process of depositing carbon on a fine platinum wire, and 
then heating the carbon till the platinum boiled off. Тһе actual fila- 
ments were of such low specific resistance that platinum must have 
remained there. 

The electrical deposition of metal filamentsis generally troublesome 
because most of the metals that might do for lamps will not deposit 
uniformly enough, and electrolytic deposits of hard metals are not 
capable of being drawn down into wire. For such a process to be 
successful the core or mandrel must not be made of a metal that will 
form an alloy. It need not necessarily be metal at all; presumably 
such a material as nitrocellulose coated with blacklead, or made 
conductive by any of the ordinary methods, would serve. The resulting 
filaments would be tubes, of course. 

Drawing down fine wire is generally impossible, as few of the 
metals are ductile. Тһе drawing down of tantalum by Messrs. 
Siemens & Halske is a perfect triumph when not only the real but 
the reputed properties of that metal are considered. Whether they 
draw the metal down by itself or by the Wollaston method I do not 
know. Tantalum is not soluble in the ordinary acids. 

Тһе metal filament is very seriously handicapped by its softness 
when hot and its brittleness when cold. Many of the metal lamps will 
run in only one position, otherwise the wire sags. The wires are also 
often very fragile when the lamp is not in use. 
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It might be urged that alloys should be used for lamp-wires, on the 
ground that many brittle and intractable metals may make ductile 
alloys. There is another point; alloys have generally high specific 
resistances, and this is, of course, very important. Even a very 
small addition of another metal may increase the specific resistance 
very considerably. Unfortunately alloys generally have low fusing 
points. Where a very fusible and a refractory metal are alloyed, the 
addition of the refractory to the fusible metal generally first lowers the 
melting point. The melting point then rises in one way or another, 
according to whether definite combinations occur, until the melting 
point of the refractory metal is reached. If the metals have about the 
same melting point, their alloy may be taken as having a lower melting 
point. This is not a law, however. The alloys of antimony and 
aluminium have much higher melting points than the component 
metals. Starting from pure antimony, the melting point falls a little 
on the addition of a small percentage of aluminium and then rises 
quickly. An alloy of aluminium and gold has also a higher melting 
point than either of its components. It is possible, therefore, that 
alloys may be formed which have very high melting points. Perhaps 
metals of the same group and series may give refractory alloys. 
Platinum-iridium has, I believe, a high melting point. Tungsten and 
osmium are in the same series, but are in the sixth and cighth groups. 
Tantalum and tungsten are in the same series and neighbouring 
groups, 

The addition of a very little of one metal to another may be worth 
while if it increases the specific resistance very considerably and lowers 
the melting point very little. In adding a trace of infusible to a 
fusible metal the first result is generally to reduce the melting point ; 
but after a very small percentage the melting point rises very rapidly. 
If one begins with the infusible metal, the addition of the fusible com- 
ponent brings the melting point down very rapidly. In alloying two 
metals of about equal melting temperatures, the first addition of either 
brings the melting point down rapidly. The alloys with high melting 
points generally contain definite compounds, and compounds are often 
much more infusible than their components; ammonium nitrate, 
chloride, and chlorate are extreme but not apt examples. Arsenides 
and antimonides are not wholly unlike phosphides and even sulphides. 

Alloying has a possible disadvantage in reducing the resistance- 
temperature coefficient. The rise of resistance is a most valuable 
Property in а wire lamp, asit protects the lamp against overrunning, 
and allows it to be run bright on a more variable supply circuit. 

One of the difficulties in squirting filaments of a paste of finely 
divided metals and an agglutinant is to get the metal fine enough to 
ши smoothly. This is also a question of the agglomerant used. 
Some of these metals in the form of powder will not squirt properly ; 
the paste comes out thin at first and then particles choke the nozzle 
and the squirting stops. Gum tragacanth is a very convenient 
Material to use. It was used by Farneljehm for squirting thin threads 
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of magnesia, out of which he made beautiful little baskets for use 
as mantles on water-gas burners. These have been supplanted by 
the Welsbach mantles. After a metal filament is squirted it must 
hold together until it is heated to a temperature high enough to 
sinter the particles together and make the filament into a sort of 
wire. Obviously it must be difficult to make very fine filaments in this 
way ; and very fine filaments are necessary for reasonably high pres- 
sures. If the agglutinant is carbon there is a chance of its being taken 
up by the metal and either making the carbide or reducing the melting 
point, just as carbon reduces the melting point of iron or manganese. 

Squirting a mixture of oxide and carbon and then electrically 
heating to get metal does not look promising, because the resulting 
filament will probably contain carbon, or be a carbide, or else the 
metal will be only a sort of framework, as the volume of the metal 
must be less than the volume of the oxide plus enough carbon to 
reduce it. Such a filament will have a large diameter for a given 
weight of metal, and will most likely be very weak. 

It may often be casier to squirt a very fine filament of pure oxide 
than of metal powder. The oxide can then be reduced, in many cases 
in hydrogen or even carbon monoxide, without forming carbide. In 
some cases I have found very fine *impalpable" powders can be made 
by calcining such salts as the oxalates. Prolonged kneading has a 
marked effect on the extrudibility of many pastes. A paste is much 
improved by being worked for hours in a small Pfleiderer, or by more 
powerful kneading. Тһе corners of the particles seem to be ground 
off by attrition. If one steps on wet sand whose particles are sharp, 
the sand just round the foot looks dry, because the particles are 
moved out of their compact position, and constrain one another 
so that the interstitial spaces are increased, and the water is thus 
mopped up and drawn from the neighbouring sand. Оп raising the 
foot the sand sinks back into compact positions, and looks wetter than 
ever. The same thing is noticed on a small scale with (unboiled) 
starch paste. The action is very marked, and starch and water will 
not squirt well. Gum tragacanth may act partlv as a smooth cushion 
which prevents crystalline or angular particles locking ; but prolonged 
kneading appears to grind off the corners. 

A filament made by reducing a paste of oxide with hydrogen is also 
more likely to be dense and strong than one which had the reducing 
material in its body in addition. 

The method of making a squirted filament of oxide and reducing 
it by running it as a Nernst lamp іп vacuo is troublesome, and does 
not give much promise of supplying long, thin filaments. If you 
consider the length and diameter of the Nernst rod for 100 volts, and 
compare it with a tantalum wire for the same pressure, it is evident 
that the method is almost hopeless. А wire the length of a tantalum 
lamp filament and approximately of the same diameter could not be 
made of oxide, and could not be run as a Nernst filament with anv 
reasonable pressure if made. 
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Though metal filaments have been referred to so far, it must 
be remembered that there is no reason to limit the possible conductors 
toclements. To begin with, we have the first of the new lamps, the 
Nernst, made of oxides. The Nernst is now so well known, and in 
such extended commercial use, that there is no need to say very much 
about it. The stick of oxides, or glower, as it is generally called, has 
such a high specific resistance that it need not be long and thin to 
meet ordinary conditions. On the other hand, the rods cannot be 
made very thin, as the oxide is soft when hot, and is fragile when cold. 
The smallest rods made аге for 0°25 ampere. Оп тоо volts these 
give about 16 candles. The makers do not make rods to take 0'125 
ampere so as to give 16 candles оп 200 volts. Ав the lamp requires а 
heater to start it, and an electromagnet to put the heater out of 
circuit, and a series resistance, or * ballast," it has always appeared to 
me the real field for the Nernst is not in competition with the 16-candle 
carbon incandescent, but in the region of 50 to 500 candles. The 
proportion of cost of the electromagnet, the resistance, and the heater 
is smaller in this case, and there is a more open field in competition 
with small arcs апа Welsbach mantles. 

I do not know what the Nernst glowers are made of now ; they 
used to be a mixture of yttria, or “ yttrite earth," with zirconia, and it 
is probable the same or a similar mixture is still used. It is not 
dificult to analyse the rod, but it is not worth while unless the 
Institution really wants to know. "There may be a very large field for 
improvement here. The conditions are that the rod should stand a 
high temperature without getting too soft, and it should begin to 
conduct at a low temperature, so that starting should be easy. Nernst, 
по doubt, went over the ground pretty thoroughly in the first instance ; 
but there are so many possible combinations that it looks as if there 
might be room for further good work. On the other hand, the lamp 
is of course patented, so there is not much encouragement for workers 
to make improvements. It may be thought, however, that it would be 
better to employ some black substance, such as some oxides or 
sulphides which conduct even cold, so that preliminary heating might 
beomitted. It isa very curious thing that there does not seem to be 
апу such black or coloured compound in existence. There is a curious 
Phenomenon in this connection. Some black or dark compounds, such 
as oxide of copper or oxide of vanadium, made in the ordinary way 
conduct well when cold, and can be heated electrically until fused, 
when they continue to conduct, of course; but if they are now 
allowed to cool they no longer conduct. Heating has changed their 
physical or crystalline state in some way. Both oxides of copper and 
Vanadium are far too fusible for lamps. I do not think there are апу 
Promising sulphides. Most of the sulphides are easily fusible. As to 
the melting points of the tellurides and selenides, I am sorry to say I 
an give no information, as I am not at all well acquainted with those 
compounds, 

It may be supposed that a Nernst glower should be run in vacuo, so 
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as to avoid the loss by convection. The glower appears to conduct 
electrolytically exactly in the manner of a fused salt ; and it would 
further appear that with a direct current oxygen would be formed at one 
terminal and zirconium at the other, and that in a few minutes the 
glower would be entirely reduced to zirconium if the oxygen were 
pumped out as liberated. What really happens is that the lamp goes 
out. It does the same іп an atmosphere of coal gas. This may 
be because the zirconium is liberated in a modification which does 
not conduct. I will return to this question presently. 

The metals may now be discussed in the order given by the 
Periodic Law. i 

Titanium is a metal with a very high melting point. It is compara- 
tively plentiful, especially in Scandinavia ; at least, I presume it is, as 
some years ago the owner of a titanium property was trying to find an 
outlet. I could not suggest any at that time. 

Zirconium is said to fusc fairly easily; on the other hand, people 
are said to make lamps of it. Asa matter of fact, it is not easy to get 
such a metal as zirconium pure, and it is quite possible the melting 
point is very high, and that some particular alloy that was really being 
examined melted more readily. Nearly all the melting points of such 
metals are uncertain. It is not very difficult to separate zirconium 
from other metals, even from thorium, if trouble is taken; but the 
purification by precipitation is exceedingly tedious, as the hydrate does 
not filter well. In addition, it is difficult to remove the alkali metals 
completely. Zirconium lamps are made for up to тто volts at 1 candle 
per watt. Whether they are made of zirconium or its carbide I do not 
know. Obviously, if zirconium is not very infusible, lamps cannot 


be made of it. Zirconium carbide I know from experience stands 
a high temperature. 


Cerium is said to have a low melting point—below silver, in fact— 
and is therefore probably useless. I must repeat, however, that it is 
very difficult to get such metals pure. Cerium is very difficult to get 
approximately pure, as it is apt to contain other metals from the same 
group of earths. It is ductile. I do not know if a fine wire would be 
oxidised quickly on exposure to air. Ап alloy of cerium and iron makes 
sparks when filed or scratched; so it is probable cerium would be 
difficult to work into fine wires in the moist air. 

Thorium.—This metal has probably a very high melting point. 
Thorium is in great demand for gas mantles, and the demand has 
created a good supply, so there would be plenty for making filaments. 
I have tried running a thorium “Nernst” glower in vacuo. It can be 
started cither by coating with platinum, by dipping in chloride and 
heating, or by a Ruhmkorff coil. A direct-current electrolyses it too 
quickly, and an alternating too slowly, so I superposed one on the 
other without the companics making any objections. 

After some time the rod conducts when cold, and apparently con- 
sists largely of thorium, but there is difficulty with the conntctions. 
This method is applicable to the reduction of a large number of oxides. 
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Boron.—Some work has been done on coating carbons with boron, 
but I have never heard that it was successful. Neither do I know if 
boron conducts at all. Of course, many bodies that are really con- 
ductors will not conduct when they are in the form of fine powder, 
unless the powder is strongly compressed. 

Silicon.—In the early days of the carbon lamp, silicon was regarded 
as a possible rival, and some work was done on it. I do not know the 
result. The tetrachloride of silicon is.a volatile liquid. I remember 
trying to deposit silicon on carbon filaments about twenty years ago by 
heating them electrically in an atmosphere of gas and silicon chloride, 
the idea being that the hydrogen of the gas would take the chlorine, 
and the carbon would get coated with silicon. I got no results. Much 
work has been done on these lines since, but I have not heard of any 
satisfactory result ; and I have no reason to suppose they made better 
lamps than pure carbon. Of.course, silicon deposited on carbon might 
form a coating of silicon carbide. Carbides were not in fashion іп 
those days, and it never occurred to me to look for them. Some years 
later a great deal of work was done on deposition of silicon from the 
chloride by Langhans. 

In old days silicon was not a familiar substance, and, even if you 
made it, there seemed to be no way of making it into filaments. Now 
it is а commercial article. But this does not help us much, as, accord- 
ing to modern authorities, it is fusible at too low a temperature to be 
any use in this connection. 

Vanadium.—This seems a likely metal, but the fusing point is not at 
present known. It is not expensive. 

Niobium.—Very little is known about the physical properties of this 
metal. It probably resembles tantalum pretty closely. 

Didymium.—This has been separated into prazeodymium and 
neodymium by Welsbach ; so the melting point of didymium, if deter- 
mincd, would only be that of an alloy. Didymium can only be 
separated into its elements by very long and tedious fractionation, and 
it is therefore practically impossible to get the metal pure enough, to 
have a high melting point. 

Tantalum is an exceedingly. hard metal, and in its pure state is 
ductile. I do not know that any one knew it was ductile before 
Messrs. Siemens & Halske's chemists tackled the matter. It was 
generally known as a powder only. It has a specific resistance of 
165 microhm centimetres cold, or about 85 at the temperature of a 
lamp. It has a high tensile strength, namely, 93 kg. per sq. mm., or 
59 tons per sq. in. 

It is drawn into wires of оо5 down to 0035 mm. ; the rss wire 
gives 25-c.p. lamps оп rro volts. Such a lamp has a filament 65 c.m., 
ог 25) ins. long, and a. pound of tantalum will make 20,000 of these 
lamps (Bóhm). The tantalum is melted in an electric arc or furnace, 
and the ingots are heated red, and hammered into sheet, and the sheet 
is drawn down into wire. Whether it is drawn plain, or by a special 
method, there is no information. Тһе metal is so hard that a diamond 
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drill, run at 5,000 revolutions per minute for three days and three 
nights without stopping, only made a depression of a quarter of a 
millimetre or so. This experiment has been quoted a good deal, but 
one would like to know the state of the diamond drill. It may have 
lost its teeth in the first half-minute. Messrs. Siemens & Halske 
intend to make various uses of the marvellous properties of tantalum, 
and we will probably soon have tantalum pens, drills, cutting tools, 
unoxidisable springs, and other desirable objects. 

Messrs. Siemens & Halske do not recommend their lamp for alter- 
nating currents, and it cannot therefore be as good as on direct-current 
circuits ; but it runs on alternating currents very well, though perhaps not 
aslong. On the other hand it is said that the alternating current alters 
the physical nature of the wire, rendering it brittle, so that it breaks, not 
by fatigue, but by any slight shock it happens to get. The Nernst lamp 
has shown peculiarities in this connection, Some glowers will run with 
direct and not with alternating currents, and some with alternating only. 
Direct current glowers also go wrong if the poles are changed. These 
mysterious properties of the Nernst do not seem to have anything to 
do with the behaviour of the tantalum lamp, however, but all the same 
there may be something in common. It is said that the makers have 
now overcome the aversion of tantalum lamps to alternating circuits. 
I have heard of tantalum lamps running on the County of London 
alternating circuits for over 600 hours with no failures. Тһе 
breakages may be due to the trembling action due to the repulsion of 
the wire near the bends. This will most likely be overcome by making 
the zigs and the zags so that the wire does not come close to itself. 
At present they are very acute angles. The wires are often in move- 
ment through a sort of Trevelyan rocker effect at the points of contact 
of the wire with its numerous supports. 

Chromium is largely used in making chrome steel, but the metal 
itself is not often seen. It can be reduced from its oxide by aluminium. 
Its melting point seems to be high. I know of no work done on 
chromium filaments 

Molybdenum is very similar to tungsten, and unless the melting 
point is lower than that of tungsten, we shall probably soon have 
molybdenum lamps. The trioxide (the anhydride of molybdic acid) 
is volatile, and might therefore be used for deposition of molybdenum 
on a carbon filament, so as to replace it. 

Tungsten is a very hard and brittle metal, which is sold in the form 
of a black powder, or as ferro-tungsten. It was for a long time 
considered infusible, but the clectrical furnace showed, of course, that 
it could be melted. The powder is difficult to squirt, even mixed 
with a good deal of tragacanth. Kuzel has invented what seems to be 
an admirable way of getting over the difficulty. He gets the tungsten 
in the form of an exceedingly fine powder by employing a method 
that was used by Bredig for getting what is known as colloidal 
platinum. An arc is made to play under water between tungsten 
electrodes, and this is said to produce a very fincly divided form of 
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metal. This is collected and worked up into a stiff enough paste 
and squirted. Tungsten is not an expensive metal, so the only cost 
is in making the filaments. Whether the filaments of this paste can be 
squirted so as to be fine enough for 200 volts will be a matter for the 
future to decide. 

There have been processes proposed or worked in which carbon 
is heated in a vapour of a volatile tungsten compound, such as the 
trichloride, or oxychloride, in the presence of hydrogen. И the reduc- 
tion in the case of a chloride is due to the hydrogen, thus involving no 
oxidation of the carbon, a filament must be obtained of carbon coated 
with tungsten, or of carbide of tungsten ; but if there is any oxygen 
involved in the reduction, as in the case of the oxvchloride, the carbon 
is burnt out, and the result is a filament of tungsten. 

Uranium.—lIt is doubtful if the melting point is sufficiently high. 

Ruthenium is like osmium, but is said to fuse at a slightly lower 
temperature. 

Palladium is the most fusible of its group, and is therefore useless 
for lamp filaments. 

Osmium is a crystalline metal which cannot be drawn into wire. 
It is very hard, scratching quartz. The Welsbach osmium lamp is 
said to be produced by making a paste of finely divided osmium and an 
organic binding material, and squirting it. Тһе filaments are then 
baked, and heated electrically to a very high temperature to eliminate 
the carbon. The osmium lamp so far produced is for low pressures, 
as might be expected, but it has a very high efficiency. 

To make lamps of osmium must be an exceedingly difficult matter, 
or, at any rate, the problem of how to make them must have been very 
troublesome to solve. Apart from the metal being very hard and 
infusible, it oxidises in the air if very fine, though this oxidation does not 
take place if the fine powder has been heated to a high temperature. 
The peroxide of osmium formed is very poisonous. It gives off enough 
vapour at ordinary temperatures to cause much trouble, and especially 
to inure the eyes very seriously. This oxide might be used for 
replacing a carbon filament with osmium. Мо doubt that has been 
‘пед. The osmium was, I think, the first of the new metal lamps, and 
was invented by Auer von Welsbach. It is made up to 75 volts with 
40 candles by the Vienna firm, now the Westinghouse-Metallfaden- 
Glihlampfabrik, but 100-130-volt lamps of only 32 candles are supplied 
by the General Electric Company of this country. The rated efficiency 
1508 candle per watt. 

Тһе osmium wire is said to be as small as о03 mm. diameter, 
which is rather less than the finer tantalum wire. 

There is some doubt whether the lamps known as osmium are made 
of osmium or an alloy of osmium with tungsten. Tungsten is a curious 
metal, and it is not very easy to get into alloys, but it may alloy with 
osmium perfectly for all I know to the contrary. 

Indium із а very hard and brittle metal. Iridium lamps are being 
studied by Gülcher. Не mates a paste with an organic binding 
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material, and squirts it. The filaments are then heated electrically 
until the carbon is burnt out and some particles of metal have sintered 
together. This lamp, like other metal lamps, labours under the 
disadvantage of being only for low pressures. It would seem that 
squirted metal filaments are less likely to be made fine than those made 
from drawn wire. 

The carbides of the various elements remain for discussion. It is 
difficult to know which have high enough melting points. A great 
many are said to be transparent, and are therefore non-conductors. 
Among these are the carbides of aluminium, cerium, lanthanum, lithium, 
silicon, thorium, and yttrium. А great many decompose water, or are 
acted upon by the moisture of the air. This would make it very 
difficult to make lamps of carbide of aluminium, barium, calcium, 
cerium, glucinum, lanthanum, lithium, manganese, strontium, or 
uranium. Among the possible carbides are those of boron, chromium, 
molybdenum, silicon, titanium, and zirconium. I do not know any- 
thing about the carbides of palladium, tantalum, or tungsten. 

It will be asked, What will be the effect of these new lamps on 
the industry ? In the first place they will increase the output of 
stations, just as machinery increases labour. But there is more 
difficulty in foreseeing the result of high efficiency hampered with low 
pressure. А probable solution is that people will gradually take to 
using large lamps taking the same pressure, and about the same power 
as carbon lamps, but giving, say, four times the light. 

As to the lamp-making industry, one might prophesy without much 
danger that the present makers will merely alter their manufacture 
and make metal lamps. This will pay inventors better, because the 
existing makers have their commercial organisations and their facilities 
for distribution. Besides, all the works except the parts devoted to 
making the filaments will be available. It is possible new works 
will be set up to make filaments, and that the lamp-makers will buy 
the filaments and make them up into lamps. There аге so many 
possible ways of making metal filaments, that it is doubtful whether 
large monopolies can be secured by patents; and it is much more 
likely that most of the present carbon lamp makers will work out 
particular processes of their own, and will put their own metal lamps 
in the market. 


During the reading of the paper Mr. W. H. Story showed the 
experimental production of filaments of zirconium carbide, thorium 
carbide, molybdenum, tungsten, silicon carbide, and other metals and 
carbides. 


DISCUSSION. 


The PRESIDENT : I think it is clear from the large audience present, 
and from the long list of names that I have, that we shall not be able 
to finish the discussion to-night, but as Mr. Swinburne has referred to 
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Dr. Harker's work in preparing the table shown and has discussed it to 
some extent, I will call on Dr. Harker to explain the table a little more. 
After that, we have a number of gentlemen with us who have come from 
a distance, and, if time permits, I hope to ask them to speak. 

Dr. J. А. HARKER: It would be possible to say a good deal on this 
very suggestive paper of Mr. Swinburne's, but I will endeavour strictly 
tolimit my remarks. Mr. Swinburne very justly complains of the 
lack of physical data regarding a great number of the bodies he is 
dealing with, but he shows us how to make the best possible use of 
those we have, by utilising Mendeléjeff's periodic system, given on 
page 216. A diagram is also shown giving the melting-points of 
many of the elements on the absolute scale. For some time I have 
been interested іп the physics of high temperatures, and have gradually 
been accumulating material for a paper on the melting and boiling- 
points and properties at high temperatures of refractory materials 
generally. I thought it would be of interest for the purpose of this 
discussion for members of the Institution to have in the form of a 
fairly complete table what was known regarding the melting-points of 
the elements on the Centigrade scale. Only within the last six years has 
our scale of high temperature been at all definitely investigated, and in 
my opinion there is still great uncertainty attached to the higher tem- 
perature- measurements made by optical methods. In our work at the 
National Physical Laboratory we endeavoured to get a kind of “ bench- 
mark" for use in the preliminary mapping out of the really high-tempera- 
ture region (above, say, 1,500? C.), by making a new determinationlof the 
melting-point of platinum. I cannot now go into detail, but it will 
suffice to say that the value found for the platinum point was r,710? C. 
—70 lower than the old accepted value of Violle, depending оп а 
determination made twenty years ago. This lower value has bcen 
confirmed in Germany, and even though subsequently it may be 
found to need alteration, if we know that a substance melts a hundred 
degrees higher or lower than the platinum point, it will be easy to apply 
the required correction. Тһе data on the table are some of them taken 
direct from the papers of the various authors. To others corrections 
have been applied when it was possible to revise the standard points on 
which they depend, and others again are new determinations made at 
the Laboratory. Boron and carbon at ordinary pressures do not melt 
before volatilising. Іп Group 4 titanium melts in the region of 
2,500?, but zirconium is quite low (1,300° С.), cerium still lower, while 
for thorium, whose melting point is undoubtedly very high, I can find 
no record of any determination. Didymium, which, as the author 
points out, is the next-door ncighbour of tantalum, and therefore inter- 
esting, has been split up into neodymium and prazeodymium, which 
both melt quite low. The data in the eighth group are many of them 
very uncertain. Iridium, which melts above 2,0007 C., gives off a great 
deal of vapour far below this temperature. It would have been possible, 
in view of the interest of lamp makers in refractory oxides and 
carbides, to have made a similar summary of some of their melting 
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points. There are quite a number of data of a sort, particularly as to 
relative refractoriness. There are two questions I should like to ask 
the author as an experimentalist of wide experience. First, Can he 
tell us anything, or refer us to any literature, regarding the methods 
adopted in difficult wire drawing, such as is necessary when a metal 
like tantalum is made into filaments? Second, Does he know of any 
really refractory material that can be said to be an insulator at very 
high temperatures? Му difficulty has been to find a refractory 
material which by judicious treatment it is not possible to make into a 
sort of Nernst lamp. Almost all pure oxides conduct fairly well if only 
the temperature can be got high enough to start them. Some kinds of 
ordinary porcelain rod are fairly easy to make incandescent by their own 
current, and I have succeeded in making a bit of ordinary churchwarden, 
pipe run as a lamp for half a minute or so on a 500-volt circuit. I will 
conclude with one further remark and an experiment. On page 226 Mr. 
Swinburne refers to carbide of silicon. Тһе best known carbide of 
silicon is, of course, carborundum. This material squirted into fila- 
ments in the ordinary way conducts slightly, but, in the coherent 
crystalline form, quite well, and its use as a lamp filament was patented 
by Sir Joseph Swan some years аро.* Its resistance falls with rising 
temperature. But as a lamp of really high efficiency it suffers from a 
disadvantage which the experiment I propose to show will make 
evident. At about 1,0007 C. the affinity between carbon and silicon, 
whether in air or in vacuo, becomes very small, and a hundred degrees 
higher the silicon distils out and burns, forming a cloud of silica vapour 
leaving in a few moments only carbon behind. 

Professor GisBERT КАРР : I have tested some of these newlamps. I 
understand that carbon and Nernst lamps are not to be mentioned 
in the discussion, but perhaps I may be allowed to refer to them as 
starting points to compare the metallic filament lamps, namely, 
osmium and tantalum, with them. I found that the osmium and the 
tantalum lamps had about the same consumption per candle; it 
was of the order of 1:7 to2; and the Nernst was also of this order. 
But when the lamps are compared with regard to their practical use, 
to which the author has drawn attention in his paper, namely, their 
use on a circuit which cannot be kept with mathematical precision at 
the same voltage, then there is a difference between these lamps. I 
have taken the Board of Trade latitude in pressure of 4 per cent. up 
and down. Luckily, electric light companies do not as a rule make full 
use of this latitude, but they may do it, and a + 4 per cent. variation in 
the standard pressure is therefore a convenient basis for comparison. 
With the carbon lamp, a rise of 4 per cent. of the pressure which is 
written on the glass will raise the light on an average by 25 per cent. ; 
if the pressure drops by 4,per cent. the light drops by 20 per cent. 

* А speaker at a later stage in the discussion seemed to misinterpret this remark 
аз to the use of carborundum аз a lamp filament. What I stated was that it would 
not make a “high-efficiency " filament because if run at 1 or 14 watts per candle, the 


temperature of the material would be too near its dissociation point. I was aware 
that it had been used for lamps of ordinary efficiency. 
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The tantalum lamp is better in this respect, the 4 per cent. rise of 
pressure only raising the light 18 per cent., whilst a drop of 4 per cent. 
decreases the light by only 12 per cent. The osmium is between the 
carbon and the tantalum ; the figures I found being + 22 per cent. 
with the higher, and — 18 per cent. with the lower pressure. I am sorry 
to say I cannot give you exact figures with regard to the Nernst lamp, 
but it is worse than the carbon. Although the Nernst lamp is very 
much more efficient than a carbon filament lamp, it has its dis- 
advantages—the disadvantage of being more sensitive to variations 
in pressure. It has, however, one advantage, namely, great intrinsic 
brilliancy. For galvanometer and lantern work, and in fact in all 
cases where one wants to focus the light, the Nernst filament is a very 


.convenient source of light, because it gives a very brilliant, con- 


centrated light. The fact that the Nernst and the tantalum have 
about the same cfficiency is surprising, because the temperature at 
which they work is not the same. I have not myself made tests on 
the temperatures, but taking the figures which were determined by 
Lummer about three years ago, the efficiency of the Nernst ought to be 
much higher than it actually is. Perhaps I might be allowed to 
mention the way in which Lummer obtained the temperature. Не 
took the energy curve for the light, and determined the wave length 
for the highest ordinate. The product of this wave length and the 
absolute temperature is a constant. For the “black body” this constant 
is 2,940, and for molten platinum (the nearest approach to a perfectly 
reflecting body) it is 2,630. By these means it is possible to calculate 
the temperature of any source of light within the limits pertaining to the 
black and reflecting body. We do not know whether the incandescent 
filament has to be classified as a black or a shiny body, but we know 
that it must lie somewhere between these theoretical limits, and we сап 
thus determine its temperature between comparatively narrow limits. 
Lummer gives for the Nernst lamp the limits as 2,200? and 2,450°, 
whilst for the carbon lamp he gives 1,875? as the lower limit, and 2,100? 
as the upper limit. Тһе temperature of the tantalum lamp lies 
probably between the two. Тһе higher temperature accounts for the 
good efficiency of the tantalum and the Nernst lamps, but it does 
uot entirely account for it. Taking the Nernst, for which we have 
accurate figures, and comparing the rise of temperature with the increase 
of light, we find that the increase of light should be ever so much 
more. By Guilleaume's law, the visible energy given out should vary 
about as the twelfth power of the temperature, whereas by the well- 
known Bolzmann and Stefan law the total power absorbed varies as 
the fourth power of the temperature. Тһе efficiency should therefore 
vary as {һе eighth power of the temperature, and the light should vary 
as the third power of the watts supplied to the lamp. Тһе latter 
point I have tested. I found that for the tantalum and osmium lamps 
this law is very nearly true, with such slight deviations as may be 
expected in photometric measurements. I do not pretend to be able 
to photometer nearer than 5 per cent. For the tantalum and osmium 
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lamps, modern metallic filament lamps, I found that the light given out 
was very nearly as the third power of the watts put into the lamp ; 
for the carbon it was as the 2°7th power. There is an explanation for 
this discrepancy. If a carbon lamp is overrun, the lamp deteriorates 
while the experiment is in progress, and this may account for the re- 
duction in the exponent from 3to 277. I mention this fact to show that, 
notwithstanding this discrepancy, Guilleaume's law that the light varies 
as the twelfth power of the temperature may be accepted as approxi- 
mately correct. If we put 1 per cent. more power into a lamp we get 
3 per cent. more light. With carbon lamps that has bcen long known, 
but with metallic filaments and Nernst lamps it was not so obvious 
at first. If Guilleaume's law is true, then the Nernst lamp, having 
16 per cent. more temperature than the carbon, ought to have r'16 
to the eighth power more light, that is to say, it ought to give 3:3 times 
as much light as a carbon lamp which takes the same watts. Asa 
matter of fact, it only gives about 2 times as much light, and the 
question is, How can we explain this apparent falling off from a law 
which we saw from another experiment must be true? І believe the 
explanation lies in this, that part of the power goes in heating the 
support of the light-giving filament. In the case of the Nernst lamp 
you have a very short pencil of a refractory material which has to be 
held fairly close to a china plate, and has to be surrounded by a heating 
spiral. The support and the heating spiral take away a good deal of 
the heat which otherwise would Бе utilised in the Nernst pencil ; and 
although the Nernst lamp may have the temperature determined by 
Lummer, namely, something like 2,2007, it will not give the light in 
proportion to the power it absorbs, because a good deal of the power 
goes to low temperature heating. That heating spiral is only used at 
first, and then is automatically switched out. But it remains in close 
proximity to the pencil and takes heat from it. Another reason of loss 
is the ballast resistance. 

Perhaps I may be permitted, although I am going slightly beyond 
the limits of metallic filaments, to say a word about the question 
of efficiency of lamps. То define efficiency on a truly scientific 
basis we ought to know the mechanical equivalent of light; but 
this we do not know. We can, however, agree on a basis for 
computing efficiency if we find in nature a source of light which, 
having a low temperature, may be considered to have an efficiency of 
тоо percent. I have gone toone of the very earliest works on that sub. 
ject, namely, Langley's and Very's classic research оп “Тһе Cheapest 
Form of Light,"* by which they mean the light of the fire-fly. 
Langley and Very took energy curves of the fire-fly, the arc lamp, 
and other sources of light. The energy curve of the fire-fly lies 
wholly within the visible part of the spectrum ; the ratio of visible to 
total surface, which I take to be the efficiency, is therefore тоо per cent. 
By planimeter I determined the ratio of visible to total surface of the 
energy curve of Langley's arc lamp and found this to be 3 per cent. 

* Phil. Mag., vol. 30, 1890, p. 260. 
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Assuming that the arc lamps used in those days took about 14 watts 
per candle—I think that is a fair estimate for the lamps made sixteen 
years аро--І found the following efficiencies, translated on the fire-fly 
basis. The Welsbach incandescent mantle has a little under $ per cent. 
efficiency. The carbon filament lamp has either 1:3 or 1:8 per cent., 
accordingly as it is a long life or a short life lamp. Тһе tantalum, 
according to the test of which I have previously spoken, has 2:5 per cent. 
The osmium lamp has the same efficiency. The ordinary open arc 
has 4'5 to 5 per cent. Asregards flaming arcs, I have not made tests 
myself, but taking the figures published by Мг. Patchell in the 
discussion on Mr. Andrews's paper (journal, vol. 37, 1906, p. 36), I 
find that their efficiency varies between то and 22 per cent. 

The PREsIDENT: We are very much indebted to the makers of a 
number of these new lamps, who have organised for us a most 
interesting exhibition in the room ; and I personally am more indebted 
to them because they have given to Mr. Paterson, of the National 
Physical Laboratory, permission to explain here a number of tests that 
he has been making of these lamps during the past six or nine months. 
We shall, however, in view of the time, have to postpone that until this 
day week. Professor Thompson has kindly arranged for us a small 
experiment, and I now call on him to show it to us. 

Professor SiLvaANUs P. THOMPSON: The experiment that I have 
arranged cannot be shown to the whole audience. It is simply an 
exhibition of filaments under a microscope, and therefore will have to 
be looked at individually after the meeting is closed. For some time 
in my house at Hampstead, where happily I enjoy what I wish every- 
body else enjoyed, тоо volt pressure, I have been trying a number of 
metallic lamps in order to gain the common experience of a house- 
holder with lamps on a circuit in everyday use. I have four osmium 
lamps, which have been in their place now for nearly eighteen months ; 
not one of them has blackened, and they are going now. I have had 
six tantalum lamps since August last. Two of them are still alive ; one 
of them on the table here is dead, and blackened a good deal before its 
death, or at its death, and three others have gone the same way. Ц 
occurred to me that it might be worth while to examine what had 
happened where the wire parted. I wanted to see the way it was 
broken off, or fused off, or what had happened. I therefore took to 
pieces one of these lamps, and put some of the bits of wire under the 
microscope. I have a few microscopic slides here prepared in that 
way of the filaments of the tantalum lamps and some carbon lamps for 
comparison. What astonished me very much was the entire difference 
between the appearance of the tantalum wire and the carbon filaments. 
The carbon filaments were all taken from old dead lamps, and they 
were practically all good cylindrical threads. І have not examined any 
old Edison lamps with filaments of bamboo. But the tantalum lamp is 
a wholly different thing to look at under the microscope. As the 
members will see for themselves, the filament looks more like a badly 
jointed bamboo rod. 
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DiscussioN AT MEETING OF JANUARY 17, 1907. 


Mr. С. C. PATERSON : We have long wanted a general survey such 
as this paper gives of those elements from which it is possible, or pro- 
bable, that lamp filaments may be made. For reasons which he has 
gren, Mr. Swinburne touches but lightly on the way the new lamps 
behave on life test both as regards candle-power drop and ability of 
the flament to withstand rupture. We have had occasion at the 
National Physical Laboratory from time to time to carry out life tests on 
some of these lamps, and I am able, by the courtesy of those for whom 
the measurements were made, to show some diagrams which embody 
the results of these tests (Figs. А, B, C, D, and E). It is probable that they 
represent average performance, and doubtless lamps would be found of 
cach type which would give both better and worse results. I have not 
had occasion to make tests on the osmium lamps, but have some figures 
for "Osram" lamps up to about 200 hours. The figures given are approxi- 
mately the average for each type of lamp. The lamps compared are 
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ш all cases those with the lowest candle power which can be com- 
mercially made for house lighting. Although the Nernst lamp shows 
the greatest drop in candle power, it must be remembered that it is the 
only one of these lamps which will run on a 200-volt circuit. The 
zircon lamp is of the earliest type, on which I understand there have 
recently been great improvements. Тһе generally accepted figures for 
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Fic. A.—105-Volt Nernst Lamps— Life Curves. 


Hours run. 


o5 volt, 60 
го атр. 


Махітит 


candle power: 


direcbion-vertical 
Lamp- 


NEW INCANDESCENT LAMPS: DISCUSSION. 


1907. | 


"SOAING ojrT—sdureT }$иләм Цод-622--8 “914 


= 006 OOF 00 002 on 
о go 
o 
51 E 
ст 3 
ст 
Ф 3 
i ; 
а. 
>» 3 
Ф 
бо 
тс ЯЕ 
e “dure o-1 
05 001 4|0^S22-dure1 
e a rjuz140u- uotoutp 
Bh uc 9jpureo 
9 шпш!хФу fu ZU UO up 
| 9M amod әүрито 
и unulxey 
mu Жә! 
QOQI 006 
% : Я adhy 
6 Bz 
ст 
on Шыда ты 
y 
qM Ma — — |oe:durecz.o 
о. qea Szz-dusey 
т 29 poy 
Bez I: ны -— cu (диды 
a g et uOt^341) 


NE NOU Y npu э 
= 4- кз, UP. 


236 SWINBURNE : [Jan. 17th, 
Mr оп Ordinary carbon filament lamps are shown at the foot of the table for 
the purpose of comparison. 

The column of total watts is noteworthy as showing that although 
the efficiency is high the candle power is also high, which causes the 
total watts taken by all the lamps to be of very much the same order of 
magnitude. Another interesting point connected with the metai fila- 
ment lamps is that the candle power only varies as about the 35 
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Fic. C.—Tantalum Lamps—Life Curves. 


power of the voltage instead of the fifth or sixth power in the case 
of the carbon lamps. Although the author expresses the belief that 
within a reasonable time we may expect to have a 1 watt per candle 
16-c.p. lamp, the difficulties in the way of making a really robust 
filament of this size seem very formidable, and one cannot help thinking 
that we shall for a long time at least have the 200-volt carbon filament 
lamp with us. 
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37-Volt Zircon Lamps—Curve showing Variation of Candle Power and 
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An arrow-head on the curve shows point of failure of a lamp. 


37-Volt Zircon Lamps—Life Curves (Average) for Six Lamps. 
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Fic. E.—Metallised Carbon Filament Lamps—Life Curves. 


Dr. SiLvaNus P. THOMPSON: The slides I have to show have been 
enlarged by microphotography from the specimens which I had under 
the microscope last week. 

My attention has been drawn during the last week to the circum- 
stance that in the Electrician for December то, Mr. J. T. Morris, 
in an article on new lamps, mentioned, in illustration of this fact which 
he had independently observed, that the tantalum filament shows 
numerous extraordinary junctions. The filament apparently breaks up 
and joins itself without ever parting, but the pieces do not join up 
accurately ; the joints are badly healed. 

A piece of zircon-wolfram filament from a 100-volt 60-watt lamp, 
one of those which was actually burning here in the room last week, 
but which gave out afterwards, shows no such kinks; it is quite 
smooth. 

Dr. J. А. FLEMING: The Institution is to be congratulated on having 
secured from Mr. Swinburne a paper dealing so fully and freshly with 
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an interesting subject, and one which contains so much that is provoc- 
ative of discussion. Тһе general impression produced by the paper, I 
think, is the great importance of chemistry in relation to the subject of 
incandescent lamps. It is generally supposed that electricity affords a 
special field for the application of mathematics, but the paper before us is 
a conclusive proof that the substantial prizes are to be won by the com- 
bination of a knowledge of chemistry and electricity. The tantalum 
lamp 15, in fact, a triumph of chemistry, and the Nernst lamp was the in- 
vention of an eminent chemist. It is not a little curious that, whilst 
Edison and the older inventors began by working at metals, platinum and 
iridium, and суеп tried oxides as glowers for incandescent lamps before 
thev came to carbon, modern inventors have had to go back to metals 
and to oxides in order to improve upon carbon. The fact is that the 
older inventors did not bring to bear upon the subject the amount of 
chemical and electrochemical knowledge which the more modern 
chemist is able to do. Nothing is more astonishing in reading old 
Patent Specifications than to notice how few inventors or patentees 
realised the properties of carbon at a high temperature, and that it can 
reduce nearly all oxides. The President has restricted us to the dis- 
cussion of new lamps. I presume, however, it is not out of order to 
institute comparisons between the new and the old, because it is only 
in that way that we can arrive at what is new, and say how far the 
Dew is useful. I should like, in the first place, to give a few figures 
showing the relation of light to power, current, and voltage in “һе case 
of these new and old lamps. These figures have been obtained іп my 
laboratory by Mr. Upson and others, and are very instructive. In the 
сазе of the carbon lamp they are as follows :— 


Candle power ос (current)5 63, 
" » Cc (уоһ5)595, 
" » сс (watts)?™ to 314, 

It is obvious from those figures that the fact can at once be 
deduced that within the limits over which the observations run we 
have— 

Glower resistance cc (current)~ 9954, 
Hence, the last exponent being negative, the resistance decreases with 
nse of current. 

In the case of the tantalum lamp the following are the figures :— 


Candle power œ (current)???, 
» » oc (volts)*^. 
^ » ec (watts)??? to 263, 


Since the volt exponent is much less than the current exponent, it 
follows that the resistance variation is positive, or that — 


Glower resistance oc (current)* 229, | 


In other words, the resistance increases with the current. 
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For the osmium lamp the figures are :— 


Candle power ос (current)*®5, 
- » ОС(»уоШһ5)4215, 
» » © (watts)? *?, 


It follows from that that— 


Glower resistance oc (current)* 934 


It is obvious, therefore, that in all three lamps—carbon, tantalum, 
and osmium—the candle power varies roughly as the sixth power of 
the current, but by no means is it the same with the voltage. Тһе 
voltage exponent is much lower for the metallic lamps than the carbon, 
varying very little more than the fourth power. This is a distinct 
advantage, because we have, or are supposed to have, constant voltage 
from our supply circuits. Therefore, what we are concerned with is 
the variation of candle power with the voltage. Hence it appears that 
a positive resistance temperature coefficient is an advantage in keeping 
the voltage exponent low. We ought, therefore, to try to obtain a large 
positive temperature coefficient for the material, so that it minimises the 
effect on the light of the variations in voltage to a larger extent than in 
the case of the carbon lamp. Next, as regards the electronic discharge 
across the legs of the carbon when the carbon lamp is worked on a 
continueus-current supply, one of the difficulties of making a high- 
voltage carbon lamp at first was this discharge across from the negative 
to the positive legs. Carbon is a material in which this electronic dis- 
charge is particularly large. It may amount to as much as 1 ampere 
per square centimetre of surface at the temperatures at which we work 
in carbon lamps. А5 I showed іп 1890, it is very much less іп the case 
of metals, and therefore in metal wire lamps the same difficulty does 
not present itself. On the other hand, against this we have the difficulty 
of obtaining small candle power. The 8-c.p. 200-volt carbon lamp 
and the 5-c.p. 200-volt carbon lamp are distinctly valuable possessions, 
and the running of two or more 8-c.p. lamps in series is by no means 
an equivalent. My memory goes back now in these matters as far 
as 1882 (and probably the author's as well) to the early days of 
electric lighting and the first Crystal Palace Exhibition. When 
Edison produced his 16-с.р. тоо-уой lamp it was considered a great 
achievement. Then we asked for 8 c.p., and the only way he could do 
it was by cutting the 16-c.p. filament in two, but it was some time 
before the 100-volt 8-c.p. lamp was achieved. Another point that may 
be made against the new metallic lamps of very high temperature is 
this. In the case of the very high temperature glow lamps, as most 
of us saw on the last occasion, there is a paralysing effect upon the 
retina, due to the intense brilliance of the filament. Тһе eye directs 
itself towards the lamps, and the moment one looks at the lamps and 
then looks away at something else, although the light may be brighter 
and more efficient one is not so well able to see surrounding objects. 
The common cure for this is to sand-blast the lamp bulb, or to put it 
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into a ground-glass globe. Іп so doing we lose the advantages gained 
by the greater efficiency. We manufacture light at the rate of 14 watts 
per candle, and then reduce the radiation to 3 or 4 watts per candle 
power by the shade. Again, the power of working lamps in a horizontal 
position is a very great advantage to the user. Тһе common method 
of hanging head downwards is ridiculous. In the case of the ordinary 
16 c.p., the light emission is not more than 9 c.p. in the axis direction, 
and in the ordinary pendant a notable diminution of light occurs in the 
downward position. It is perfectly easy to remedy that by a little 


Fic. F.—Adapter for working Glow Lamps horizontally in ordinary Pendant 
Holders. 


C. Pendant Cord. S. S. Shade. 

H. Ordinary B.C. Socket. 

F. F. h. is the Special Fitting which carries the Lamp L in a horizontal position, instead of 
hanging it head downwards, and so nearly doubles the illumination in a downward direction. 


attachment. Instead of working with the lamp in the downward posi- 
поп I have devised a simple fitting to enable lamps to be placed with 
axis horizontal in any ordinary cord pendant (see Fig. F). 

In forming an estimate of the commercial future of these new lamps, 
we are met by the difficulty that most of the tests yet published have 
been on single lamps, or on a few lamps, and it is therefore perfectly 
impossible to form any correct notion ot the future of these lamps on 
such tests. I have not yet seen any target diagram of a considerable 
number of tantalum or osmium lamps (they may exist, but they have 
Do come under my notice) showing, for instance, how closely a large 
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number of lamps can be made to specification, or actually to comply 
with their nominal or marked values. That is a very important item 
in estimating the commercial future of the lamps. With regard to 
the relative life on alternating and direct voltage, the author has given 
us an explanation, which may possibly be the correct one, of the 
shorter life of the tantalum lamp ол alternating currents, namely, the 
mechanical stresses due to the attraction and repulsion of the filament. 
I should like to point out that, as regards luminous efficiency, it is 
possible that there may be an advantage in the metallic lamp over the 
carbon lamps when using alternating currents. We know that the 
carbon lamp gives the same light whether worked with continuous 
current or alternating current, having the same root mean square 
value. This arises partly from the fact that, at the temperature at which 
we are working the carbon lamp, the glower resistance has become 
nearly constant, or at least has a very small decrease with increase of 
current. But in the metallic lamp the resistance rises with increase of 
current. It varies very nearly as the cube root of the current. There- 
fore, if a metallic lamp be upon an alternating-current circuit where the 
voltage is periodic, during part of the period the metallic lamp will be 
taking more current than a carbon lamp would take at the same instant 
under the same circumstances, assuming the two take the same maximum 
current. The lamp is therefore receiving a greater mean power, and 
would probably give a greater mean illumination. I should like to see 
these measurements carefully made. It is possible there may be ап 
advantage, apart altogether from any questions of life, in the working 
of the metallic filament lamp on alternating circuits. Mr. Swinburne has 
prudently refrained from making any prophecies as to the ultimate 
commercial success of any particular type of metallic glower lamp. Іп 
this he shows his wisdom and experience. We sometimes hear one 
invention announced as sounding the death-knell of another, but those 
who have some experience of the past history of applied science know 
that inventions do not always destroy each other; they sometimes 
stimulate one another to longer lives and greater usefulness. They find 
a particular field of usefulness which is peculiar to themselves. It may 
be so in this case, but it has been shown that a vast field for inven- 
tion still lies open, and one full of promise, in connection with new 
incandescent lamps. 

Mr. М. Ѕогомох: The author's paper is extremely full of in- 
teresting passages, both from the general and also from the manu- 
facturer's point of view. Тһе question which interests us most is the 
probable effect these lamps will have on the industry generally. We 
may safely say that we all of us welcome the very great development 
which has undoubtedly taken place by the adaptation of metal filaments 
to electric lighting; but I think if we examine them fairly closely we 
shall see that the prospects are not quite so rosy as we may have been 
led to expect. On page 217 of the paper some very interesting curves are 
given. The upper curve shows the melting-points of various elements 
and the bottom curve shows the specific conductivity. Ithink if one 


197} NEW INCANDESCENT LAMPS: DISCUSSION. 248 


were to ask which of all these elements is the most suitable for making 
lamp filaments, one would be obliged to answer, from a priori reasons, 
carbon. The reason is that it not only has an extremely high melting- 
point—in fact, we have not melted it yet—but it shows up much better 
оп the bottom curve than any of the other materials which are being 
ued. It hasan extremely high specific resistance, whilst all these other 
elements have, comparatively speaking, very low specific resistances. 
In searching for a high melting-point we have rather lost sight of the 
importance of high specific resistance, which enables us to get a lamp 
which is suitable for high voltage and for low candle power. The low 
voltage of the metal filament lamp is without doubt a very serious 
drawback. Remedies have been suggested, but I think the only two 
worth considering are, first, that central station engineers should change 
on to the low-voltage system in order to enable these highly efficient 
lamps to be used. I do not know what the general opinion of central 
station engineers is on this point, but with copper standing at about 
{по I fear we are not quite so near the Millennium. “Тһе second 
suggestion is that the lamps should be run in series. Dr. Fleming has 
pointed out the disadvantages which were found when this was tried 
with carbon filaments, and it is quite clear that this system is very far 
from being a satisfactory one. It does not appeal to the ordinary 
householder, as it considerably adds to the complication, and it is 
not at all fair оп the lamps. If two lamps are to be run in series, 
they should be paired as accurately as possible to run together. 
Although the makers may send out accurately paired lamps in the first 
pace, when one of them fails the householder will take a new lamp 
from his stock and put it in without measuring the voltage, and under 
those circumstances it is very unlikely that the old and the new lamp 
will match, and the lamp which takes the lower voltage will very soon 
fail. The other way in which the low specific resistance causes trouble 
is with the candle power of the lamps. The author, in his paper, and 
more especially in his remarks at the last mecting, said that he thought 
we should change to higher light units. Although there is considerable 
eidence that the general public will make that change, from the fact 
that wilh incandescent gas mantles the general move was іп that direc- 
tun, [ do not think that that is really an advance. As Dr. Fleming has 
ud, we want the 8-с.р. and the 16-с.р. lamps. I think electrical 
engineers may pride themselves on having, to a great extent, educated 
the general public in the proper methods of artificial lighting ; and 
good distribution of light, by using small units, is an extremely impor- 
unt factor in good lighting. If we are going to adopt 50 c.p. or even 
5 ср. аз our smallest light unit, it seems to me it will be distinctly 
a move in the wrong direction from the general point of view of the 
benefits of electric lighting. There is one other consideration, namely, 
tat if we are going to adopt these large light units and these low 
voltages, then it will be found that the metal filament lamp is not so 
very great an advance on what can be done with carbon lamps. We 
her of an “ Osram" lamp running at 1'4 or 172 watts per candle, and a 
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tantalum lamp running at 1:8 watts per candle, and mentally I think we 
all compare them with a 3} or 4 watt carbon lamp. But we do not 
remember that the carbon lamp is a 200-volt 8-c.p. or 200-volt 16-c.p., 
and the metal filament lamp is only roo-volt, and is of 25 or 35 c.p. И 
we see what can be done with the 35-c.p. 100-volt carbon lamp burning 
in a comparatively large bulb, and base the comparison on current 
prices, then with а short-life high-efficiency carbon lamp one could 
almost, if. not quite, equal the tantalum lamp. 

There is one other point I should like to mention, and that is in 
reference to the burning of tantalum lamps on alternating current. It 
is very interesting that the tantalum lamp should not so far have given 
satisfaction on alternating current, but when one considers that the 
filament is a pure metal, it seems that it can only be mechanical 
difficulties, or difficulties in design, which prevent this result being 
attained. I remember very well when we were working in this country 
on the Nernst filament we succeeded in producing a very good filament 
for burningeon direct current, but by no means could we get that 
filament to burn satisfactorily on alternating current. If I recollect 
rightly, the Westinghouse Company in America got exactly the opposite 
result. We found out, however, that our trouble was due to what 
might almost be called an accident. We had started to develop the 
Nernst lamp in Victoria Street on a 220-volt direct-current supply, and 
had confined our attention therefore to the circuit on which we could 
test the lamps most easily ; but we ultimately discovered that, by an 
extremely simple alteration in the process of manufacture, the filaments 
which we were making could be made to burn equally well on alter- 
nating current as on direct current. I am inclined to think that when 
more attention is given to these new lamps for the purpose of making 
them suitable for all circuits, difficulties of this sort will be got over. It 
is merely a question of careful experiment, which I feel sure will yield to 
persistent attack. The last thing I should like to say is that Mr. Swin- 
burne, not in the printed paper, but in the remarks he made at the last 
meeting, seemed to be under the impression that English lamp manu- 
facturers were fast asleep. І have been connected with the Robertson 
Lamp Works for the past four years, and I can only say that if they 
are fast asleep they are having extremely expensive and laborious 
dreams. Perhaps English manufacturers are sufficiently conservative 
not to wish to come forward until they are confident that they have got 
the right thing for the English market, but I do not think it always 
follows that because they say nothing they therefore have nothing 
to say. 

Mr. Н. Hirst: Without my knowing that he was about to do so, 
Mr. Solomon mentioned one point on which I wished to dwell. Mr. 
Swinburne last week, in the paper which he read in this room, stated 
that lamp makers in this country were indifferent to the evolution of 
the incandescent lamp as going on at the present moment. Не said 
he did not understand why we should sit quiet, waiting for other 
countries to bring us new inventions, and then acquire the patents. Mr, 
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Swinburne cannot possibly be informed of what the lamp makers are 
doing in this country, and Mr. Solomon's remarks indicate that some- 
thing is doing. Mr. Swinburne also asked, Why do not lamp makers 
get hold of a number of superior students and engage them in research 
work? Has it occurred to Mr. Swinburne that the inventions which 
he has put before us this evening have not been the work of students 
in electric lighting factories? Professor Nernst, who made the first 
step in this direction, was anything but a student ; he is a man of high 
scientific standing and of great physical and chemical experience. Dr. 
Auer von Welsbach arrived at his osmium lamp in connection with 
researches in quite a different direction. Kuzel and Just Hahnemann, 
and the other gentlemen that appear before us in connection with 
these tables, are anything but superior students; they are men who 
are ornaments to science in their respective countries. I believe we 
have in this country men of equal ability, but unfortunately they are 
generally so busy in the Houses of Parliament or in connection with 
expert work in the courts that the industry is deprived of their services. 

Mr. Н. D. Munro: I am afraid I cannot add very much to the 
scientific knowledge on the subject of metallic filament lamps, but I 
have incidentally had a certain advantage in experience of their use 
which I think, at any rate as far as regards the “ Osram ” lamp, may be of 
some interest. I was able to procure some information about the 
"Osram" lamp early last year, and saw certain curves and tests in con- 
nection with it which led me to rely on it for street lighting purposes, 
especially оп account of the tests which I had seen showing its relia- 
bility on certain voltages. Our supply at Exeter, from where I come, 
Is alternating at 100 volts, and to that extent we have an advantage. 
| have been able to use these lamps now for about three months for 
Street lighting purposes, and they have given a great deal of satis- 
faction. I am using roo-c.p. lamps fixed on tramway poles 40 yards 
apart, and they are giving a very good average illumination ; in fact, it 
із better than any low candle power illumination that I personally have 
seen. In spite of the vibration which is natural on а tramway pole, 
and the ordinary variations of supply, these “Osram” lamps һауе an 
average lite of more than 1,000 hours. А number of other lamps have 
Dow been fixed in side streets of the 50-c.p. size, and they are averaging 
even more, up to 1,200 hours apiece. When I say 1,000 ог 1,200 hours, 
l mean the time up to which their effective candle power is within 
10 or 15 per cent. of the candle power at which they started. There 
are something like 2,000 of these lamps in use at Exeter at present, and 
the result is practically what the author says in his paper, namely, 
that the consumer has decided to use these lamps more for the purpose 
of getting better light for the same money than the same light for less 
money. At апу rate, consumers in my particular arca are using all the 
"Osram " lamps they сап get, and, as far as I have been able to ascertain, 
the results are practically the same as I have obtained on the street 
lighting. This is only a three months’ test, but it is at any rate a test 
up to the practical working life of these lamps, and as far as it has gone 
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I think it is extremely satisfactory. As regards the manufacture of 
these lamps and the difficulties that may arise in connection with 
metallic filament lamps, I have brought up a few samples of a very 
peculiar nature which are now on the table, and I shall be glad to have 
the opinion of some one who knows more about the chemical 
peculiarities of these rare metals than I do. They are a very small 
percentage of the lamps, but they show a number of very curious multi- 
coloured deposits, blue, brown, and white, which show that some of 
the difficulties anticipated by Mr. Swinburne in his paper occasionally 
occur in the manufacture of these metallic filament lamps. Ав regards 
the tantalum lamp, I have the same experience that nearly every one 
has with alternating currents. Three out of four are quite a failure, 
and the fourth lamp has a long life, which is very remarkable when the 
failure of the other lamps is considered. I take it that the information 
which Dr. Thompson and others have given us as to the effect on the 
filaments of these lamps is quite a sufficient explanation of the reason 
why they will not last at the present time on alternating-current 
circuits. 

Mr. VAL Н. MACKINNEY: With the permission of the members I 
will put.before them some results obtained from experiments on 
metallic filament lamps carried out last year in the Central Technical 
College at the suggestion of Professor Ayrton. ) 

I first took а 100-volt, 25-c.p. tantalum lamp and а 5o-volt, 25-c.p. 
* Osmi" lamp, ran them on a direct-current circuit, and determined 
their candle power for varying azimuths in the horizontal plane. The 
results are embodied in the curves shown in Fig. б. For the “ Osmi” 
lamp the candle power was uniform in all horizontal directions within 
3 per cent. of the maximum value, and in the case of the tantalum lamp 
within 5 per cent. 

Next four lamps were taken, one new and one old tantalum and one 
new and one old “Osmi.” These were tested under similar conditions 
for their distribution of light in the vertical plane. The ultimate 
standard employed, I should mention, was the 1o-c.p. Harcourt pen- 
tane lamp. Тһе results obtained are embodied in the two diagrams 
(Figs. H and I). In all these diagrams the numbers along the hori- 
zontal axis show the ratio of the candle power of the lamp tested to 
that of the standard employed. From the data which the curves repre- 
sent I have calculated the mcan spherical reduction factor for each of 
the four lamps. The results are as follows :— 


TABLE I. 
Lamp. M.S.R.F. 
New (run about бо hours) 078 
| Tantalum = i Old (run about r,ooo hours) | roo 
't Osmi” New (run about 50 hours) 084 
i is Old (run about 1,000 hours) 0'82 
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We have therefore— / Mr. 
New tantalum lamp, M.S.C.P. = M.H.C.P.* x 0-78 Mackinney. 
Old tantalum lamp, = е X I'OO 
New “ Osmi” lamp, д. = А х 0'84 
Old “ Osmi " lamp, Р = : х 0:82 


Dr. Sharpł has given the following results for the average of 
ten tantalum lamps :— | 


Mean spherical reduction factor f Old lamp, 07726 


New lamp, 0:897 
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А perfect comparison cannot Бе made between our results, as Dr. 
Sharp did not state the approximate “аре” of his “old” lamps. How 
ever, my results fully bear out his statement that with the tantalum 
lamp the ratio of the M.S.C.P. to the M.H.C.P. increases with age, and 
therefore that it must be remembered that the M.S.C.P. falls off with 
age less than might be concluded from measurements of the M.H.C.P. 


* M.H.C.P. refers to the mean horizontal candle power. 
T Electrical World, vol. 47, 1906, p. 1249. 
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At the Central Technical College we have also carried out some 
life tests on tantalum and “Osmi” lamps. The chief portion of the 
work was done by two of our third-year students (Messrs. H. G. 
Barkley and P. Е. Harris) I have, however, some of my own 
observations made at the beginning and at the end of the lives of 
these lamps, and I will compare the results of the observations 
made with the tantalum lamps with Dr. Sharp's life-test curves 
on the same type of lamp.* His curves are the average of twenty 
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lamps tested on direct current at rated volts, ours are the average 
of eight lamps tested under similar conditions. Taking his M.H.C.P. 
curve, we find that it starts at 23'5 c.p. (approximately), and reaches 
a point over 31 c.p. before 25 hours have elapsed. This great rise 
in the candle power at the beginning is probably due—as pointed 
out by Professor Ayrton and Mr. Medley as long ago as 1894 in their 


* Abstract of a paper read before the American Institute of Electrical Engineers. 
November, 1900 ; Electrical Engineering, vol. 1, 1907, p. 107. 
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paper entitled “ Tests of Glow Lamps "—to a change in the surface Mr. 
of the filament causing the emissivity for heat to decrease, which would MN 
raise the temperature, and therefore the light emitted, as well as the 
number of candles per watt. From 25 hours onwards Dr. Sharp's 
curve gradually drops, and his last reading on this curve indicates 
approximately that after 775 hours the M.H.C.P. of the average lamp 
dropsto 1675. Again, his inefficiency curve indicates at the start just 
over 2 watts per candle, then drops to about r3 during the first 
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25 hours, and then gradually increases to about 3 watts per candle 
alter 775 hours. 

[ have given the above results in order that my own, which are 
given in Table II., may be compared with them. 

My observations show that the average drop in efficiency for the 
tantalum lamp was about 17 per cent. after 1,000 hours, but whether 
this is due entirely to blackening of the bulb or only partially (and to 
some extent to a change in the filament) I am at the moment unable 
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TABLE II. 
Average Average Average 
Lamps. ошо M HOD per Inefficiency. Efficiency. 
n Watts per чын atts Candles per 
Lamp. Lamp. ‚рег Candle. Watt. 
New tantalum (run : | | | 
48 hours) | 38:2 22'5 170 0'59 
Old tantalum (run : . . . 
1,012 hours) ... 382 187 204 99 
New “Osmi” (run р | . . 
48 hours) 349 21'0 1:66 0°60 
Old “ Osmi” (run | | : 
1,012 hours) ... 341 em 162 004 


to say. It is a problem that I have in hand for solution. Тһе bulb 
of the “Osmi” lamp does not blacken with аре,“ and has apparently 
a uniform average M.H.C.P. throughout its life (see Table II.), but 
although there is a distinct change in the filament with age (and a 
visible one) this leads to an increase, and not a decrease, in the 
efficiency. It is possible therefore that the blackening of the tantalum 
lamp with age may hide an increase in the efficiency due to a change 
in the filament. Since, however, from my own observations the average 
consumption in watts per lamp is the same either for a new or an old 
tantalum lamp, I should think that the change in the filament with age 
would cause a drop in the efficiency if it caused any change at all. 

The blackening in the case of the tantalum lamp is by no means 
evenly distributed over the bulb. I have some actual photographs of 
new and old carbon, tantalum, and “ Osmi” filament lamps which were 
taken to show : (1) The even blackening of the carbon filament lamp's 
bulb, (2) the uneven blackening of the tantalum filament lamp's bulb, 
and (3) the freedom from blackening of the bulb in the case of the 
* Osmi" lamp. Тһе alteration іп the mean spherical reduction factor 
of the tantalum lamp with age is certainly due in part to the uneven 
blackening ; but, as pointed out by Dr. Sharp, even this alteration in 
the M.S.R.F. may be due partially to a change in the filament. 

In connection with my results in Table IL, I would particularly 
draw attention to the average candle power per new (48 hours) lamp. 
It would seem to indicate that the 25 c.p. marked on the lamps them- 
selves referred to Hefner units, and not to British candles, as some 
people seemed to think. 

The author mentioned that for the lighting of such places as draw- 
ing offices the superiority of the mercury vapour lamp had been, 
apparently more than once, commented upon. He said that personally 
he saw no reason why a bluish light should not give as good results as 
a yellowish one; if there was a difference he thought that the advantage 


е One old “ Osmi” lamp was run for ten hours at a voltage 5 per cent. abeve its 
nominal without causing the bulb to blacken in the slightest degree. 
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must Не with the bluish illuminant, since oculists often prescribed blue 
glasses, for which procedure they doubtless had a reason. This state- 
ment is one of very grave importance. Тһе subject of general illumi- 
nation is receiving such a great amount of attention now that any 
satement indicating the superiority of a particular illuminant on 
account of the colour of the light it produces is likely to be quoted by 
one and all interested in the subject. I would point out, therefore, in 
the first instance, that from experiments made with one of Mr. Bastian's 
mercury vapour lamps the visual acuity would appear to be increased 
when employing such an illuminant in place of an ordinary carbon 
flament glow lamp, only providing the object under observation is 
withina distance of 1 metre (approximately) of theeye. For reading and 
drawing purposes, therefore, the peculiar colour of the mercury vapour 
lamp has its advantage. However, this advantage is not perceptible 
when the object is at a distance of 2 to 3 metres ; in fact, at a distance 
of 6to 7 metres the visual acuity is decreased in comparison with that 
obtained when a yellow illuminant is employed. 

I cannot see that the case of oculists prescribing blue glasses per- 
mits one to assume the probability of a light of bluish tint being pre- 
ferable to a yellowish one. Blue glasses.are prescribed when there is 
an excess of yellow light, or the physiological conditions present 
indicate that light of certain wave-lengths in the region of the yellow 
will be harmful ; in fact, to tone down the yellow to the natural pro- 
portion. If the light is simply too bright or dazzling, neutral tinted 
glasses, not blue, are ordered. 

During December last I had occasion, in connection with a paper 
read before the Optical Society by Dr. Drysdale, to determine to what 
accuracy I could reproduce my readings when comparing a red 
illuminant against a green one with— 


(a) A simple wedge photometer, and 
(b) A Lummer-Brodhun photometer. - 


The results obtained are striking, and present a case analogous to 
that of the mercury vapour lamp. I have drawn my results up in the 
form of a table (see Table III.) First, the results are striking because 
of the accuracy of those obtained with the “wedge” photometer ; 
secondly, because of the marked difference between these and those 
obtained with the Lummer-Brodhun photometer ; and thirdly, because 
of the gradual rise in the candle power of the red lamp—in comparison 
with the green one—with the increase in voltage. When employing the 
"wedge" photometer the eye was focussed on an object at the dis- 
tance of about 25 c.m., whereas with the Lummer-Brodhun photometer 
it would be focussed for an infinitely distant object, the rays entering 
the eye being parallel. 

The results would seem to point out, therefore, that with increased 
accommodative power the eye becomes less sensitive to red light ! 
This is in agreement with the observed increase in the visual acuity for 
near work mentioned above when the greenish-blue light of the mer- 
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cury vapour lamp is emploved as the illuminant in place of some yellow 
one. However, until some further experiments are carried out one 
must not say too much, for—as is doubtless well known—the equalisa- 
tion point in the case of the simple wedge photometer depends to a 
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considerable extent upon the size of the retinal image it produces. 
Before the problem is finally solved we must know— 

(a) The effect of a given alteration in the size of the retinal image. 

(b) Whether an alteration in the power of the crystalline lens of the 
eve during accommodation, and the consequent increase (percentage) 
in the chromatic difference at the focal points, enters into the problem. 

() Whether the natural limit placed upon our resolving power 
(owing to the finite size of the wave-length of light) enters into the 
problem. "This natural limit depends of course upon the wave-length 
of the light under consideration. I find from calculation tbat in 
certain cases it might easily exceed the physiological limit, and there- 
fore enter into the problem. 

(d) The amount of light (in candle-metres, say) falling upon a screen 
at varying distances from different coloured lights whose illuminating 
powers have been determined equal at unit distance. In other words, 
we must know the penetrating powers of different coloured lights— 
monochromatic and otherwise. 

We must also bear in mind the singular property of the eye dis- 
covered by Purkinje, which, if the illumination is carried below 
г candle metre, will certainly enter into the problem, that the intensity 
of sensation increases and decreases more rapidly for the red light than 
for the blue, for the same variation of objective luminous intensity. 

The increase in the candle power with the voltage of the red lamp 
in comparison with the green one is peculiar. Personally, from 
theoretical considerations, I should have expected a result quite the 
reverse, 

Mr. J. T. Morris: I have one or two facts to put before you as to 
the operation of some metallic lamps when new. Through the kindness 
of certain manufacturers I have been able to carry out a series of tests 
on a number of these recent lamps in my laboratories at the East 
London College. The results are given in the following table. 

In the first column the ratio of the resistance of the lamp hot to cold 
is given. In the carbon lamp it is 0:55, but in the tantalum lamp, instead 
of being 0:55, it is 6:3. For the osmium the figure is still higher, and also 
for the zircon, and so on—the tungsten lamp giving the extraordinary 
change in resistance between hot and cold of 12:8. Тһе result of this 
is that, when these metallic filament lamps are switched оп to a circuit, 
the current at the moment of starting is very much higher than its 
normal value. I have brought with me four oscillograms which have 
been taken of the starting currents of various lamps (see Figs. J, К, 
Land M) :—No. I., 220-volt 5-c.p. carbon ; No. II., 110 volt 22-c.p. 
tantalum ; No. III., 110-volt 28-c.p. “ Osram" ; No. IV., 110-volt 35-c.p. 
Just- Wolfram. 

Measurements taken from these give the values shown in the table, 
column 2, as the ratio of initial current to final current. 

I have also one or two points which seem to confirm the results of 
other experimenters. In the last column but one (sec table) the 
increase of candle power for 1 per cent. rise in voltage is given. For 
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Fro. L.—Osram Lamp, 110-уОШ, 28-c.p. 
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Fic. M.—Just-Wolfram Lamp, 110-volt, 35-c.p. 
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| Ratio of Resistance, 
| Hot to Cold. 
| 59 а 
2% уо! Watt 
! Lamp. | EZ 4 E iier index. 
| ЕГЕН 8 
d 
LET: E 
dan J 
1 Е a m 
| Carbon, ordinary з 0°55 0°53 6°5 3t 
Tantalum, 22 c.p., 110 volts 3 46 43 25 
Osmium, 25 c.p., 55 volts | ... 9 — 46 27 
; Zircon, 31 C.p., 110 volts к 9 бо 40 25 


Tungsten, 35 с.р., 110 volts i oa | 115 39 25 


28 c.p., 107 volts... 8:5 | | 
Osram Е c.p., 107 volts ... 87 97 


44 C.p., 105 volts... | 129 72 Фо 2:5 


* 2:9 and 2'2 are the indices over the working range of the lamp. 


the carbon lamp it is 65 per cent, for the tantalum 4'3, for the 
osmium 4:6, for the zircon 4:0; the tungsten has the extremely low 
figure of 2:9, so that the tungsten lamp, reckoned that way, is the 
best for a fluctuating circuit, as it would have the smallest change in 
candle power. In the last column the index of the watts is given, 
and these figures are of interest in connection with Professor 
Kapps remarks. Не maintained that a і per cent. change in 
Watts gave а 3 per cent. change in the candle power. My figures 
for the tantalum and osmium lamps are 25 and 27, and for the 
tungsten lamp 25; but the average value is 25 for all these metallic 
flament lamps. Just one other word with regard to the tantalum 
lamp. Dr. Thompson has very kindly alluded to some work of mine in 
connection with its behaviour on A.C. circuits. With reference to its 
deterioration on direct circuits, I am indebted to Mr. Tapper for a 
number of tantalum lamps which have failed on the Stepney. circuits. 
І have examined them under the microscope to compare them with 
kmps which have failed on alternating currents, and it is very clear 
that the lamp which fails on the alternating current has very much 
arger crystals formed in the filament than in the case of that lamp 
which fails on the continuous current. The appearance of the filament 
Which has failed on the continuous current is rather that of a wire 
which one might imagine has melted inside, the outer part remaining 
solid, and then shrunk a little, so that it crinkles the surface ; there is 
also a tendency to form crystals, but not to such a marked extent. 

Мг. L. GASTER : It gives me great pleasure in discussing this paper 
о “Тһе New Incandescent Lamps” to make reference to a sentence 
uttered by me in these rooms about eight years ago, өп March то, 1898, 
when dealing with Mr. Byng's paper on “ High Voltage Lamps." I said 
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then, “І believe that we may in time to come improve the efficiency 
of the lamps by varying either В" (Leuchtungs-Vermoegen—lighting 
power) or the volatilisation temperature of the filaments, or both 
together, by a good combination and wise selection of the materials, 
апа by due саге in their manufacture." * That sentence elicited 
the remark that it is easier to prophesy than to show the lamp. I 
am particularly favoured to-night in being able to show a 200-volt 
metal filament lamp which consumes a little over І watt per c.p. 
Messrs. Dowsing Company have been good enough to lend me a few 
Zircon-Wolfram lamps to show in actual working. Тһе Zircon- 
Wolfram lamp was shown for the first time in this country at a lectureI 
recently gave on the “ Progress in Electric Lighting." + The lamp was 
then only a 37 volt, but had developed to 110 volts at the time it was 
shown again last August at the British Association Meeting at York, and 
to-night I am able to show, I think for the first time in this country, 
a 200-volt metal filament lamp burning direct on the circuit of this 
building, which is a very gratifying result. My reference to the 
remarks I made many ycars ago is solely for the purpose of demon- 
strating that the results obtained to-day were foreseen by those 
who made a scientific study of the methods of converting electric 
energy into light. In view of the progress made with these new 
lamps, it must be borne in mind that most of the present draw- 
backs of the lamps, such as risk of breakage in transport, or that 
they may have to burn in a vertical position, or that they are of 
very high c.p. units, ес. may be looked upon as only temporary, 
because the improvements whieh are constantly made are sufficient to 
encourage hope for the future. І need only refer to the similar 
development of gas mantles, and call to mind their brittleness origi- 
nally, and the high price at which they were sold, as compared with 
the improved mantles of to-day and their present reasonable price. 
I believe that to obtain similar results with the new metal filament 
lamps is simply a matter of time. 

In my opinion these new lamps form the beginning of a new 
era in illumination, and will considerably help in improving electric 
lighting generally. Patience is, however, still required for the gradual 
development of the necessary improvements, and it is useless to 
condemn an invention because it is not immediately commercially 
successful. I may say that the Zircon-Wolfram 200-volt lamp shown 
here to-night is a development of only one year's experimenting, 
as it is less than a year since the first 37-volt lamp was exhibited in 
this country. It may be interesting to notice that the Zircon-Wolfram 
lamp as well as the “Osram” lamp, for which an efficiency of 1 watt 
per c.p. is claimed, can run equally well on both alternating and 
direct current circuits, The tests carried out at the National Physical 
Laboratory with the early Zircon-Wolfram lamps, which have been 
referred to by Mr. C. C. Paterson, were made by using the same 


* Sournal of the Institution of Electrical Engineers, vol. 27, 1898, p. 170. 
t Journal of the Society of Arts, vol. 54, 1906, р. 322. 
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lamps first for about 100 hours on a direct-current circuit and for the 
rest of the test on alternating-current circuit available at the National 
Physical Laboratory. I understand that recent improvements іп the 
manufacture of these lamps havc given considerably better results than 
those obtained with the earlier types. 

Coming to the question of the use of the tantalum lamp on 
alternating-current circuits, I am at a loss to understand why people 
endeavour to buy these lamps and use them on alternating-current 
circuits against the recommendation of the manufacturers. In view 
of this recommendation, I wrote asking why the life of these lamps is 
so considerably shortened when used оп alternating-current circuits, 
and was given to understand that the frequency has a direct bearing 
on the life of the lamps. А lamp burning on an alternating-current 
circuit using up to 25 (NJ per second will have a life almost as 
long as the lamp used on direct-current circuit, but with the in- 
crease of the frequency the life is shortened considerably, so that оп 
a circuit with about so ^o the life of the lamp was reduced to about 
one-third, and if the frequencies are increased, say up to 2,000, as 
was done by the makers for the sake of experiment, the life of the 
lamp is reduced to about то to 15 hours. The explanation given, 
which is not shared by all investigators, is that there is an oscillatory 
motion set up assisting crystallisation, the breakages taking place 
between such formed crystals. The makers, being aware of this 
drawback, do not recommend the use of the lamp on high-frequency 
alternating-current circuits for the present until further improvements 
are made, and it is only reasonable to pay regard to them when they 
advise us not to use their goods for certain purposes. 

Regarding the “Osmin” lamp, very little practical information 
is available as vet, but reference may be made to a very interesting 
paper recently read by А. Libesny,* from which it appears that such 
lamps can be used at 1 watt per candle, and that the lamp will stand 
reasonable voltage fluctuations without being so much affected as the 
Present carbon lamps are. 

Although Messrs. Siemens & Halske, the makers of the tantalum 
lamp, have tried, and are still trying, to make lamps of higher voltage 
with smaller c.p. than they can be made at present, using metal 
ülaments, they have taken out a British patent—No. 9,109 of 1906—for 
the manufacture of lamps by using a combination of carbon filament 
ш series with metal filaments, in order to obtain the necessary 
resistance for making high-voltage lamps, which should be more 
eficient than the high-voltage carbon lamps of to-day, but nothing has, 
as lar as I know, transpired regarding the working of this patent. 

Apart from the metal filament lamps, of which there is a large 
number claiming high efficiencies, I should like to mention another 
line of research for improving the methods of electric lighting which 
is receiving considerable attention now in the United States. I mean 

* Elektrotechnik. и. Maschinenbau, vol. 24, 1906, рр. 437, 456; Science Abstracts, 
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the use of “vacuum lamps" with intermittent ionisation, like the 
Macfarlan-Moore type. In this type of lamp a permanent gas under 
reduced pressure is transiently ionised by the high potential stress, 
thereby becoming a luminous conductor, and allowing a discharge 
which relieves the stress, whereupon the ionisation ceases and is 
re-established with such rapiditv that the eye does not observe the 
interval. By this method of illumination an efficiency is obtained 
of т watt per candle. Tests have been made by the Electrical 
Testing Laboratory of New York for comparing this particular method 
of illumination with incandescent and Nernst lamps. Тһе tube in 
question was 179 ft. long and 1} in. in diameter, following the 
contour of a picture gallery in which it had been installed, and very 
satisfactory results regarding proper diffusion of light are claimed to 
have been obtained. The automatic valve invented by Mr. Moore 
for maintaining the desired vacuum seems interesting. "This type of 
illumination 1s onlv used on alternating-current circuits, 

With regard to the question whether the new metal filament lamps 
which, for the present, are of high c.p. units will be largely used, 
I am not quite prepared, like others, to admit that the higher candle 
power of the new lamps is a great drawback, because that peculiaritv 
might be helpful in other directions. It has been said, with a great 
deal of truth in it, that the effect of electric light upon sight is not in 
апу way worse than that of other illuminants ; but it is no use denying 
that there is a dazzling effect produced by looking often at the filament 
of incandescent lamps. The remedy suggested is very simple, and 
in many places is taken advantage of, namely, to conceal the lamp; 
but very often this cannot be done without sacrificing a great deal of 
light which is wanted on the object to be illuminated. With the 
advent of the new lamps which give three or four times more light 
at the same expense as that of the carbon filament lamps used at 
present, the possibility of concealing the lamp is greatly enhanced, 
and a much better diffused illumination can thereby be obtained 
without undue expenditure. 

Regarding the remarks of the author, that the lamp makers in 
this country do not give sufficient support to scientific research, 
I must say that since I expressed a similar opinion about eighteen 
months ago I am pleased to notice that a gradual change is taking 
place, and there is a growing tendency to recognise the true merits 
of scientific research. I have been personally approached on more 
than one occasion by a leading lamp maker to keep him in touch, not 
only with those who are scientifically interested in improving the 
lamps, but also with those who actually know how to make them, the 
lamp maker being prepared to pay reasonable remuneration for such 
service. Ishould like to add that I do not think that any distinction 
ought to be made between a foreigner or native born in appreciating 
his work. Science is international, and if any use can be made of 
improvements, no matter where they come from, let us take advantage 
of them to the benefit of the industry. 
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Communicated : Since the meeting I have noticed a new departure 
for making lamps of higher efficiency—I mean the invention of 
Professor А. C. Parker апа Walter С. Clark, of New York, called the 
"Helion" filament incandescent lamp. Ц is said that the filament 
is composed largely of silicon, which is reduced and deposited together 
with the other materials, the base being a specially prepared carbon 
flament. It is claimed that this filament, though not metallic, can be 
operated at a specific consumption of 1 watt per candle, at a tempera- 
ture much below the temperature of metallic filaments when operated at 
this consumption. This is an interesting departure from previous 
experience, and as the information available is scanty, I only refer to 
itfor the present.* 

Mr. C. J[. RoBERTSON : There is one small point that I should like to 
mention, and that is the question of the frequency of the current, which 
has already been touched on by Mr. Gaster. It would be of very great 
interest if some definite tests could be published on that subject, show- 
ing the particular frequency at which this breaking down effect is at a 
maximum, and also the point at which it disappears, if there is such a 
point--I mean the difference in behaviour of the same lamp between 
alernating-current апа continuous-current values, for in that there 
seems to lie a hidden secret. 

There is a good summary in the author's paper of that which is 
already available by a lengthy search in the technical press and in 
Patent Specifications. There is no doubt that metallic filament lamps 
have a most promising outlook for the future, and my company, as well 
45 others, are keenly aware of its possibilities, and are working towards 
the perfecting of the processes necessary for actual commercial manu- 
facture, It must be remembered that the Nernst lamp was hailed with 
the same acclamation as is now being given to metallic filaments, but 
the Nernst has not fulfilled what was expected of it. Consequently we 
must not be too precipitate in our opinion of these later forms of 
lamps, which in most cases аге still in what may be called an experi- 
mental state. 

The author gives Edison the credit of being the first to “ begin with 
a high pressure especially in view," but I think this credit is due to one 
of our own countrymen, i.c., St. George Lane-Fox, who іп his patent 
No. 3,988 оЁ 1878 fully describes the advantages of high pressure and 
metallic filament lamps in parallel on circuits of 100 volts. This patent 
is for a platinum-iridium filament lamp, and in the same year һе 
patented regulators and meters, all for use on such roo-volt lamp 
circuits. Our better knowledge of high temperatures and of electric 
furnaces for the reduction of the rarer metals is due in large part to 
the pioneer work of Professor Moissan. "The earliest practical treat- 
ment of carbon filaments by means of the electric furnace, that I can 
recollect, was by Messrs. Woodhouse and Rawson, who treated their 
furfural filaments in this way at their Cadby Hall Works. 

Before the carbon filament lamp can be displaced by these 


* Electrical World, vol. 49, 1907, p. 10, 
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newer lamps there must be further improvements made in the 
direction of — 

I. Higher voltage. 

2. Decrease of fragility when hot or cold. 

3. Better behaviour on alternating currents, which nowadays are of 
great importance. 

It is possible that these points may be considerably improved upon, 
but much work remains to be done. 

As regards the behaviour of metallic filaments with alternating 
currents, I have seen a reference to experiments where it was 
found that the greater the periodicity the weaker was the molecular 
cohesion of these metallic filaments, as if something similar to rapid 
magnetic reversals were taking place in the filament, causing it to 
become extremely brittle, and in the case of very rapid alternations 
the filament would not last many minutes. 

Reference is made by Mr. Swinburne to the probable use of larger 
lamps of about 50 c.p. on the present high-voltage circuits, but if a lamp 
of, say, 250 volts 50 c.p. is to be used, itis difficult to see how the increased 
length of such a wire is to be disposed of in the bulb. Тһе greater thc 
candle power the thicker will be the diameter of the filament, and 
consequently the longer it will have to be for any given voltage. From 
the view of increased efficiency, the metallic filaments are a consider- 
able advance, but their quality is very dependent upon the processes 
used for their preparation. After all they only represent a mechanical 
efficiency (reckoned from the energy in the coal) of, say, 2 to 2$ per 
cent., and they would appear in this respect to be the very best we can 
get from glowing bodies ; sothat little further advance can be expected 
on these lines, and we must look to some fundamentally new principle 
to improve on this comparative inefficiency. 

Mr. Н. М. Sayers: I have a few photo-micrographs of tantalum 
filaments to show. 

Fig. N is a new tantalum filament taken by reflected light. Тһе 
surface has a metallic lustre, but it is rough, and under the microscope 
it presents a porous appearance. 

Fig. О is a tantalum filament which has been running on con- 
tinuous current; the photograph was taken by reflectedlight. It will be 
scen that the surface is broken up and crinkled in a somewhat irregular 
fashion. ‘There аге a few marks towards the left of a cuneiform shape. 
The general appearance of the thing is that it is wrinkled more or less 
in a concentric fashion. 

Fig. P isa tantalum filament, viewed by reflected light, which has 
been run on an alternating circuit of 83 СӘ. It shows the filament 
broken up into short sections, but the surface is much smoother and 
brighter than even a new filament, and has not the crinkled appear- 
ance produced by the continuous current. 

I will not go into theories accounting for these appearances ; but 1 
should like to call attention to an article by Dr. C. Sharp,* in which he 

* Electrical World ; Electrical Engineering, vol. 1, 1907, p. 107, 
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gives a number of sketches from tantalum filaments run at different 
frequencies, and it would appear from that article that the effect of the 
increase of frequency is to shorten the sections into which the fila- 
ment breaks up. At 25 N9 there is very little breaking up, but at 
130 N the lengths of the sections are rather less than the diameter 
of the filament. 

Мг. Нлүрх Harrison: I think we are to be congratulated on 
having a paper on this subject at a time when we are all wondering 
what will be the immediate effect of the advent of the high. efficiency 
lamp. Of the ultimate effect there is little doubt that it will benefit all 
of us, in the same way as the gas mantle benefited the gas lighting 
industry ; but the result in the near future is of primary importance at 
present. The first to benefit will be those supplying low tension at the 
consumers' premises ; and, as an advocate of alternating-ourrent dis- 
tribution, I cannot help thinking that I shall have the opportunity of 
congratulating those who have stood by it. The only thing in my 
opinion which led the majority to lay down direct-current systems in 
this country was the question of motors; but results such as have 
been obtained at Leeds, Coventry, and elsewhere, show that the motor 
load can be dealt with equally well on alternating systems. In fact, 
one might say that the problem of designing efficient alternating 
motors is much easier than producing efficient incandescent lamps of 
low candle power for voltages of 200 or over. There arc, of course, 
other factors—such as the high price of copper, regulation, etc.— 
which will help to turn the balance in favour of alternating systems ; 
but the lamp question will, to my mind, eventually settle it. The arc 
lamp is also, by the use of impregnated carbons, being brought to a 
higher efficiency for alternating work ; and for public lighting, where 
a great economy is effected by using lamps in series, the possibility of 
using static transformers to obtain the required pressure for varying 
lengths of streets is an advantage which is not sufficiently appreciated 
at present. Mr. Swinburne's paper mostly touches on possibilities ; 
but the remarkable results which are being obtained at present by the 
“Osram” and other tungsten lamps are worthy of note. I have now had 
several months’ experience with the “ Osram” lamps made by the Auer 
Company, and find that not only are the elaborate tests made by the 
Reichsanstalt—to the effect that these lamps burn to ап average 
ethciency of over r'15 watts per Hefner candle-power for over 1,000 
bours—confirmed in practice, but even better results are sometimes 
obtained. This has meant a saving of nearly roo per cent. both at my 
ofice and private house, despite the fact that I have had to continue 
the use of carbon filament lamps in certain positions. It is true that 
the use of these lamps often means an unnecessary increase of light, 
owing to the smallest unit being 30 c.p. ; but I regret to have to say 
that this increase of illumination is appreciated by the majority. I 
regret it because I am convinced that nature intended the eye to be 
rested during certain intervals ; but the advent of the larger units of 
light, more especially the gas mantle, is causing people to accustom 
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themselves to high illumination at all times; thus the eyes are only 
rested during the hours of sleep, and the opticians and ophthalmic 
specialists are reaping the benefit. But I would, nevertheless, point 
out to Mr. Swinburne that one can obtain small units of light of much 
higher efficiency than carbon lamps, provided the metallic filaments are 
worked at a slightly lower efficiency than that for which they are sold. 
For instance, an “ Osram” lamp giving 30 с.р. at 1:15 watts per candle, 
will ‘give 15 c.p. at 1'8 watts; thus it is still twice as efficient as а 
I6-c.p. high-voltage carbon lamp, and, as stated before, this candle- 
power and efficiency will remain constant in the case of a good lamp. 
From Mr. Swinburne’s remarks concerning the composition of the 
glowers of Nernst lamps, I gather that he considers the gap they had 
to fill no longer exists. In any case, I trust that the metallic filament 
lamp will not be controlled by any one company—otherwise we may 
see as little progress made in the perfection of them as has occurred in 
the case of the Nernst lamp. It is, of course, probable that lamps of 
which the filaments are run at the high temperature necessary to 
obtain high efficiency will have to be placed in a pendent position, 
as the filaments will be soft at the temperature. This can be altered, 
as in the tantalum lamp, by having a multitude of supports for the 
filament ; but I should like to ask Mr. Swinburne if he does not соп- 
sider that the contact of a wire at that temperature with sevcral 
supports at a very much lower temperature not only reduces the 
possible efficiency, but also weakens the filaments by stresses set up at 
those points. Тһе effect that metallic filament lamps are likely to have 
on the industry is much emphasised when it is borne in mind that their 
mean spherical efficiency is higher than that of an ordinary arc lamp, 
and is only exceeded by that of a flame lamp, or a mercury vapour 
lamp of the larger size. 

Mr. ALBION T. SNELL (communicated) : Having no laboratory at my 
disposal I was not able to make researches with regard to the physical 
properties of metallic filaments, but I soon recognised that the wire 
lamp was bound to effect a change in the practice of electric lighting 
and to extend its sphere of usefulness. For the past eighteen months 
I have had different makes of these lamps under close observation 
on a number of public supply circuits as well as on private plants, 
and at the present time I am responsible for tne erection of many 
hundreds of lamps. Тһе results have fully justified the expccta- 
tions of more light for a given power or less power for the same 
light, as compared with the ordinary carbon filament ; and the life of 
the “wire” lamp has been proved to be at least equal to that of the 
carbon. 

The limiting of pressure to about 120 volts prevents the free use of 
wire lamps on many public supply circuits ; but I have found little 
difficulty in securing economic and convenient arrangements for the 
larger rooms by running two lamps in series. With new private plants, 
where the pressure can be fixed at about тоо volts, the 13 and 21 c.p. 
lamps are sufficient for all purposes except in the few passages and 
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lavatories, where 5 or 8 c.p. carbon lamps are preferable. If new work 
be carefully planned, a considerable saving can be made in outlay for 
pant. In a recent case I was able to save about 30 per cent. in the 
sue of engine, dynamo and battery, and 40 per cent. in the larger 
copper conductors by the use of wire lamps. І have found no special 
difficulty in grading two lamps of the same c.p. to run two in series. 
In my private office there are two 21-с.р. lamps thus connected ; one 
has been іп use eighteen months, the other six months. The office 
lamps got mixed inadvertently during cleaning, and the difference 
in "colour" was not noticed until I made one of my periodic 
examinations of the lamps. I have found more difficulty in this 
respect with the 50-c.p. lamps marked for 120 volts. The difference 
in c.p. is of course most marked in the first few hours, before the 
newer lamp has passed the point of maximum illumination. 

Mr. C. TURNBULL (communicated) : It is frequently stated that 
Nernst lamps must not be reversed. We have some in use here 
in the generating station, where the voltage is reversed two or three 
ümes a night, when the station load is put from one side of the system 
to the other to assist thc balancer. They actually run better under 
these conditions than the Nernst lamps in the town which are not 
reversed. I have a burner which has run about 1,000 hours, and it is 
in excellent condition and shows no signs of decay. Тһе burner has 
run under its voltage part of the time, because it is of high enough volts 
totake the high pressure which is necessary in the station on the peak of 
the load. After the load has gone off the burner would be under-run 
about 20 volts, and this partly accounts for the long life. At the same 
ume it must be admitted that it seems to be all the better for its 
frequent reversing, and it would be interesting to know if others have 
had the same experience. Possibly it might be worth while to wire 
Nernst lamps on to reversing switches so that the current was reversed 
every time the lamp was put on. 

Mr. LIONEL CALISCH (communicated): May 1 point out that the 
melting-point of the rare metals is of little importance to materials 
available for metallic filament lamps? Carbon, as is well known, 
5 the most refractory metal we know, melting, it is believed, at 
about 3,600° C., and yet it is an unsatisfactory material for lamp 
hlaments. 

The reason for this is that the limit of temperature at which we can 
work our filament is not the melting-point, but the temperature at 
which the evaporation of the filament becomes so rapid as to limit 
ts life. This happens when we overrun a carbon lamp: we increase 
i efficiency by sacrificing its life. 

Now the metals zirconium, osmium, tantalum, tungsten, etc., have a 
far lower melting-point than carbon, but they have at the same high 
temperature а lower vapour tension, which is possibly due to their 
greater atomic weight. Therefore we can work the filament at a 
higher temperature than a carbon filament and get a higher effi- 
tiency with a long life. I believe C. P. Steinmetz pointed this out 
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a few years ago, and he again draws attention to this fact in a recent 
article.* 

Mr. Н. S. DAVIES (communicated): There are a few points upon 
which I should like to touch in regard to incandescent lamps ; first, 
as there is a perceptible difference in the length of life of a Jamp 
caused by a variable pressure of from 5 to 15 per cent., I think the 
lamp manufacturers should endeavour to make their lamps capable of 
standing a greater variation of pressure than at present. For there are 
very few central stations where the voltage does not vary more than 
3 per cent. An examination of the self-recording voltmeter charts, 
will bear out what I state, for, as a rule, they show anything but a 
very straight line. To some lamps a varying pressure is fatal ; the 
Nernst in particular is thrown out of adjustment with a 5 per cent. rise 
in pressure оп А.С. circuits, which is no unusual rise on a supply 
system. 

We have tried many hundreds of incandescent lamps from different 
makers, and have found that they were unable to withstand for any 
length of time an alternating current of a pressure varying from 5 to 
15 per cent. 

I have not yet discovered a 4-watt per candle lamp that will give 
not more than o7 of a watt increase per candle after a 500 hours' Ше, 
or an increase of only 5 per cent. The ordinary carbon filament lamp 
not only decreases in c.p. with age, but increases the watts per candle. 
So perhaps I am asking too much in the above. 

Mr. SWINBURNE (in reply): I have very little to say in reply, 
because my paper was largely written for the purpose of eliciting 
information, and it has been very successful in that direction. As 
regards the tantalum lamp, Messrs. Siemens have written to say that 
the difficulties connected with alternating current are due to crystal- 
lisation, and that they depend on the frequency and shape of the curve. 
It seems to me very likely that it is simply due to the waggling of two 
neighbouring wires, and of course the quicker the waggling the more 
it will affect them. Many metals will not stand vibration. If a 
submarine cable is suspended across a depression on the bottom, the 
ocean current may vibrate it, and break the copper inside the steel 
protection. In the early days of arc-light dynamo making we came 
across the same phenomenon. I am also told that pure tantalum is 
not hard—the hard material is really an allov. Leaving the question 
of the tantalum lamp, Dr. Harker showed us some silicon carbide, 
and pointed out that it went in what he thought was a peculiar way. 
I would suggest that we must not be discouraged by that experi- 
ment from working with carbides like silicon carbide, because I think 
there must have been something wrong with it. Silicon carbide is an 
endothermic compound, and is therefore probably not dissociated by 
heat. It is made at a very high temperature, at a much higher tem- 
perature than he showed из. Dr. Harker got it so hot that the silicon 
burned very quickly. Silicon has a very great greed for oxygen, as the 

* Electrical World, vol. 48, 1906, p. 1041. 
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people who run converters with silicon iron know. The heat of 
combination of silicon and oxygen is very high ; and what probably 
occurred in Dr. Harker's experiment was that he got the carbide hot 
and practically burned it in air. It does not follow, however, that 
anything of the sort would happen in vacuum. Mr. Story made a 
silicon carbide filament here last week. The new 200-volt lamp shown 
to us on the last occasion, and also again to-night, seems to me to be an 
important improvement. It is, I think, the first 200-volt wire lamp, but 
it is also important in another way, if, as I am told, it is made of 
zirconium and tungsten. I would suggest it is probably not an alloy at 
all, because an alloy would probably have a low melting point, and that 
this may be the first of a series of new compounds. Мг. Cooper and I 
were discussing this, and we were rather suggesting that probably it is 
azrconide. Zirconium is rather akin to silicon and carbon, and it is 
possible this is the first of a new series of compounds which may play a 
very important part in electric lighting. I have never heard of zirconides 
hefore, but it looks as if this was one. I will only refer to one other 
point, and that is Mr. Solomon's and Mr. Hirst's able defence of their 
own people in employing experts. I am very glad, but I am afraid it 
is not always so, because my remarks were based on trustworthy 
information which came from another quarter. 

The PRESIDENT: Before asking you to accord a hearty vote of 
thanks to Mr. Swinburne for his paper, I want to make one remark. 
Dr. Harker put before us last time a table giving the melting-points of 
a number of elements, so far as they were known at the date of his 
observations, It is the product of a very considerable amount of work, 
and it is based on the results of several workers, some of them at the 
Reichsanstalt, and others of our own. Тһе very next morning after the 
paper was read we received from the Reichsanstalt a paper in which, 
| am sorry to say, they revise the basis upon which a large number of 
the figures in the table have been calculated. So that I am afraid 
Dr. Harker would have put those figures before you, had he been 
speaking to-night, perhaps with somewhat less confidence than he did 
aweek ago. I do not think the table can be corrected in accordance 
with the new data, as they are too insufficient at present, but they 
throw some doubt on the melting-point of platinum, on which many 
ofthe other points are based. It is a very complicated matter, and I 
understand from the communication that it is by no means certain 
that the authorities of the Reichsanstalt entirely accept the new basis. 
At any rate, it is stated definitely at the end of the paper that they do 
not intend to alter their own standards. 

I now ask you to accord your hearty thanks to Mr. Swinburne for 
his paper, and not only to Mr. Swinburne, but to the several members 
“һо have so kindly come forward and made this, I think I may say, а 
most interesting and important occasion. We have had exhibits of 
lamps from Messrs. Siemens, from the General Electric Company, 
from the Dowsing Company, from the British Thomson-Houston 
Company, and from the British Westinghouse Company. Professor 
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S. P. Thompson was good enough at the last meeting to bring a 
microscope and show us some intégesting slides, and to-night he 
has also shown us some slides of very great interest. I think 1 
shall be only expressing your wishes when I ask you to accord a 
vote of thanks to Mr. Swinburne and to those other gentlemen who 
have helped us in this matter. 


The resolution was then put, and carried with acclamation. 
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Proceedings of the Four Hundred and Forty-ninth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 


Street, Westminster, 


on Thursday evening, 


January 17, 1907 —Dr. R. T. GLAZEBROOK, F.R.S., 


President, in the chair. 


The minutes of the Ordinary General Meeting held on Thursday, 
January ro, 1907, were taken as read, and confirmed. 


Messrs. С. К. Falkenstein and V. A. Fynn were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


As Members. 


Thomas Henry Unite Aldridge. 


Oscar Howard Baldwin. 


Augustine Robert Everest. 
Robert E. T. Hartmann-Kempf. 


А; Associale Members. 


Ernest Atkinson. 

John Pery Bradshaw. 
Wilfred James Burford. 
Edward Stanley Fardon. 
Harold Hill. 


Douglas Edgar Edwin Giles. 


Alfred Johnson Harrison. 
Arthur Hart. 

Frederick Henry Hartmann. 
Samuel Hodgson. 

Graham Montague. 

Bernard Louis Myer. 


As Associales. 


Archibald Macdonald. 


Robert Newby Hartley Reid. 


As Students. 


Francis Dixon Abbott. 
Robert Philip Abel. 
Arthur John Aldridge. 
Arthur Liddiard Annison. 
John Aylmer. 


Arthur Chantry Baker. 
Rabindra Nath Banerji. 
Norman H. Barker. 
Habib Basta. 

Walter Jervis Batchelor. 
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Jal. R. Batliboi. 

Harry Latour Bazalgette. 

James Robert Beard. 

Robert Lancaster Bell. 

George William Blanklev. 

Henry Percy Bramwell. 

Raymond Brooke-Little. 

James Illingworth Law Brooks. 

Richard Arthur Broster. 

Ivan Crisp Brown. 

Wilfrid Ormerod Burgoyne. 

Samuel Bury. 

Frank Camden. 

A. H. M. Campion. 

Christopher Charles Casperd. 

Percy West Charlton. 

Ashford Vincent Clarkc. 

John James Climas. 

John Connor Connor. 

Bernard Alfred Martin Cooper. 

Robert Crawford. 

William Campbell 
B.Sc. 

Walter Leslie Davis. 

John McLeod Donald. 

Frederick P. Dumjahn. 

Frank Gordon Dunn. 

Francis Thomas Emberton. 

Charles George Gordon Faine. 

Sidney Woods Farnsworth. 

Edward Victor Beauchamp 
Fisher. 

William Nelson Rich Garne. 

Horace Gray Gilliland. 

Oscar McIntosh Goddard. 

Tom Golding. 

Ronald Grierson. 

James Park Hacking. 

John Hargrove. 

Arthur Forrest Henderson. 

Svdney Kirkness Heppell. 

Percy Garabaldi Hugh. 

Aubrey Illingworth. 

Cecil Turner Inman. 

Daniel Jenkins, 

Lawrence Walter Johnson. 

Ernest G. Kennard. 

Thomas Moore Kirkby. 
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Robert Henry Lee. 
Frank Mignifie Lincs. 
Edward Mallett. 
Renold Marx. 
James Meredith. 
William Leavis Merrick. 
James Miller. 
Allan Monkhouse. 
William Harold Morgan. 
Robert Torrens Mulholland. 
Frank Henry Haswell Oakley. 
George Wood Pearce Page. 
Cecil Frederic Pallott. 
Abraham Richard Palmer. 
Henry Edward Parry. 
Sydney Charles Potts. 
Henry Walter H. Richards. 
Harold Willoughby Richard- 
son. 
James Hepburn Rickie. 
Richard Clive Rigby. 
Cornelius Rissik. 
Henry Rivers Rivers-Moore. 
James John Roberts. 
Joseph A. Rugeroni. 
Norman C. J. Saunders. 
Cecil Albert Schurr. 
Malcolm Innes Lewis Smith. 
Leslie Bevis Sparks. 
Edward Dugdale Spencer. 
Robert Whitheld Stanners. 
Joseph Pearce Stockbridge. 
Alexander Sutherland. 
Archibald Stephen Talbot. 
William Sennett Thorn. 
Hubert Royds Tidswell. 
Frank Edgar Tillev. 
Hugh Carleton C. Tufnell. 
Walter Lyman Upson. 
Chotalal H. Vora. 
Thomas Walmsley. 
Stan Sylvester А. Watkins. 
Andrew Weiss. 
Charles G. Wilcox. 
Christopher Kenneth Wise. 
Reginald Dashwood Wolfgang. 
William Henry Wood. 
Robert Yorke. 
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Donations to the Building Fund were announced as having been 
received since the last meeting from R. A. Dawbarn, W. B. Marr, 
J. Shaw, H. D. Symons; and to the Benevolent Fund from F. Gill, 
H. A. Irvine, R. Robertson, and J. G. Wilson, to all of whom the 
thanks of the meeting were duly accorded. 


The PRESIDENT: Before we come to the formal business of the 
meeting, I have the very great privilege of announcing that our friends 
the members of the German Elektrotechnischer Verein and of the 
Verband Deutscher Elektrotechniker have most kindly and generously 
sent to us the very beautiful address which is lying on the table as a 
token of thanks for the entertainment we were able to give them last 
July, and a recognition of the pleasure they reccived from their visit 
to our country. The address will lie on the table for members to 
examine afterwards if they wish. 


The discussion on Mr. Swinburne’s paper was concluded (see 
page 233), and the meeting adjourned at 9.35 p.m. 
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Proceedings of the Four Hundred and Fiftieth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 


January 24, 1907—Dr. К. T. (GLAZEBROOK, 
F.R.S., President, in the chair. 


The minutes of the Ordinary General Mecting held on January 
17, 1907, were taken as read, and confirmed. 


_ The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having becn 
approved by the Council :— 


TRANSFERS. 
From the class of Associate Members to that of Members :— 
Robert W. Hammond. Walter H. Molesworth. 
William M. Rogerson. Randal B. Slacke. 


Herbert O. Wraith. 


From the class of Associates to that of Associate Members :— 
Henry В. Dorrell. 


From the class of Students to that of Associate Members :— 
Alfred W. Beuttell. Sidney F. W. Finnis. 
Douglas H. Bishop. Gregory H. W. Gaspar. 
Arthur J. P. McCarthy. Alfred Raworth. 


Donations to the Library were announced as having been received 
since the last meeting from H. T. Davidge and C. H. W. Biggs 
& Son; to the Building Fund Нот J. T. Haynes and A.-von. 
Boschan; and to the Benevolent Fund from Е. W. Dennis, 
W. C. C. Hawtayne and С.А. Zeden, J. T. Haynes and C. Turnbull, 
to whom the thanks of the meeting were duly accorded. 


The following paper was read and discussed, and the meeting 
adjourned at 9.30 p.m. 
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INVESTIGATIONS ON LIGHT STANDARDS AND 
THE PRESENT CONDITION OF THE HIGH- 
VOLTAGE GLOW LAMP. 


BEING AN ACCOUNT OF TESTS MADE AT THE NATIONAL PHYSICAL 
LABORATORY. 


By CLIFFORD C. PATERSON, Associate Member. 
(Paper read Fanuary 24, 1907.) 


Four years have now elapsed since Dr. Fleming raised the general 
question of photometry before this Institution in a comprehensive paper 
on clectric lamps.* 

The paper dealt in a very thorough way with the general position of 
light standards in 1902, and Dr. Fleming pointed out the uncertainty 
which existed in photometric comparisons at the time, due in no small 
degree to the difficulty of reproducing light standards accurately, and 
also to uncertainties which existed as to their relative values. 

The issue by the Engineering Standards Committee of their Speci- 
fication for Carbon Filament Glow Lamps gives the subject a fresh 
significance, and it is the object of the author in this paper to lay 
before the Institution, first of all the results of some investigations on 
flame standards made at the National Physical Laboratory, and after- 
wards to describe other tests, some of which were carried out on 

Carbon filament lamps for the Engineering Standards Committee, to 
whose courtesy the author is indebted for permission to publish the 
results. 

The author hopes that the data given here will be of value to the 
electrical and gas industries, and that in the discussion on the paper 
members of the Institution will enhance its usefulness by freely 
expressing their opinion upon any of the points which are touched 
upon in it. 

COMPARISON OF FLAME STANDARDS. 


The investigations referred to were undertaken two years ago at 
the instigation of the Institution of Gas Engineers with the object of 
determining the ratio between the candle powers of the three principal 
standards as used by the gas industries at the present time in France, 
Germany, and Great Britain. The author desires to acknowledge the 
kindness of the Institution of Gas Engineers in allowing the publication, 
in this paper, of the main features of the report which was submitted 


* Journal Institution of Electrical Engineers, vol. 32, 1903, p. 119. 
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to them eighteen months ago, and which they have only refrained 
from publishing earlier at the request of the International Photo- 
metric Commission. 

This Commission, on which the Institution of Gas Engineers is 
represented, arranged for similar tests to be made in France and 
Germany in order to obtain a set of independent comparisons which 
shall enable the ratios between thesc standards to be defined with 
more certainty and greater accuracy than at present. 

The results of tests in France and Germany, although completed 
more recently, have already bcen published,* and a comparison 
of the figures is excecdingly interesting as showing the order of аргес- 
ment which has been obtainable in the photometric measurements 
made by separate observers working under different conditions with 
different apparatus. 

A detailed comparison of the methods adopted in carrying out the 
tests cannot usefully be made until the full report of the Commission 
has been published, but the results of the tests in the various labora- 
tories are tabulated and compared at the close of this section of the 
paper. 

The standards to which reference has been made are respectively 
the Carcel, the Hefner, and the ro-candle-power Harcourt pentane 
lamps. In all measurements which are described here special care has 
been taken in the manipulation of the lamps so as to conform to the 
same regulations and practice which are observed in the countries 
in which they are the recognised standards. 


INFLUENCE OF ATMOSPHERIC CONDITIONS. 


It is now generally appreciated that atmospheric conditions have 
an important influence on the candle power of flame standards. Dr. 
Licbenthal,+ at the Reichsanstalt, was the first to make quantitative 
measurements in order to determine the amount of their influence оп. 
the candle power of lamps. He investigated two standards, the Hefner 
lamp and the Woodhouse and Rawson 1-сап е pentane lamp, and the 
formule (referred to later in this paper) which he found for correcting 
the Hefner lamp are now generally accepted. 

In a photometer room the principal variations to which air is liable 
are the following :— 


1, Variation in the amount of carbon dioxide. 

2. Variation in the amount of water vapour. 

3. Variation in the proportion of oxygen and nitrogen. 
4. Changes in barometric pressure. 


* Société Internationale des Electriciens, Bulletin, vol. 6, ser. 2, 1906, p. 375. “Étude 
sur le Rapport des trois lampes Carcel, Hetner, et Vernon Harcourt," by MM. Laporte 
and Jouaust. Also * “ Extraits du Rapport presenté à la Commission Internationale 
de Photometrie," Бу M. Perot and M. P. Janet. 

journal für Gasbelenchtung, vol. 49, 1906, р. 559. “ Photometrische Versuche," etc., 
by Dr. Emil Liebenthal. 

+ Zeitschrift für Instrumentenkunde, vol, 15, 1895, p. 157. 
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Before any measurements with flame standards can be considered 
reliable, it must be ascertained that the air is under standard atmo- 
spheric conditions, at least as regards 2, 3, and 4. If the conditions 
be abnormal, the amount of water vapour in the air as well as the 
barometric pressure must be known. 

In making measurements to determine the amount of candle-power 
variation due to any one of the above atmospheric changes, it is very 
dificult artificially to increase or decrease one without at the same 
time varying the others; and although attempts were made by the 
author to vary artificially the amounts of carbon dioxide and water 
vapour in the air, the results were difficult to interpret. The method 
was, therefore, discontinued in favour of the plan of waiting till the 
weather changed, and the desired conditions came in the ordinary 
course of events. 

As these experiments must, in the nature of things, cover a con- 
siderable time, more extended investigations have been made by the 
author on the Harcourt 10-candle pentane lamp. This is the standard 
of the Metropolitan Gas Referees, and has been adopted at the 
National Physical Laboratory as being the most convenient unit of 
light, and the Standard whose value is now most generally recognised 
as representing that of ten British Parliamentary candles. 

Carbon Dioxide.—In order to determine the effect, if any, of varia- 
tions in the amount of CO, present in the air, samples of air were taken 
from the neighbourhood of the lamps whilst observations were being 
made. The air was slowly drawn into previously exhausted ro-litre 
vessels which, when full, were tightly stoppered and examined at the 
end of the observations. 


TABLE I. 
| COLUMN I. | COLUMN 2. COLUMN 3. COLUMN 4. 
' Water Vapour in 
alter Lighting up. | Бойы. ч ЕЕ pere Я Pu Wa | 
Е e 
| о 10°06 0°55 | g'o 
i 975 о9 | 106 

d 96о 1'4 II'O | 
| 3% 945 r8 11-8 | 
43 933 19 122 | 


The amount of CO, was determined by shaking up with barium 
hydrate and subsequent titration with oxalic acid. It was found that 
the normal variation-of carbon dioxide in the air at Bushy House only 
Covered a range of from o'3 to о? parts per thousand, and no candle- 
Power difference was observable due to this amount of change. 

VoL. 88. 18 
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In order to increase the effect and to determine whether the intro- 
duction of CO, into the atmosphere of a closed room had an appreciable 
effect on the candle power of the lamp, the latter was burnt in a 
closed room for several hours under normal atmospheric conditions. 
'The test was then repeated with the introduction of additional CO, into 
the atmosphere. Тһе results of the latter test are given in Table I. 
After correcting for the increase of humidity, the decrease in candle 
power after 41 hours amounts to some 5 per cent., which is very little 
in excess of the observed decrease when the lamp is merely left burning 
in an ordinary closed room. ‘These tests are not quantitative, but serve 
to show that an increase of CO, considerably above the maximum 
amount met with in an ordinary ventilated photometer room has no 
appreciable effect on the candle power of the lamp. 

Dr. Liebenthal found, from experiments іп which he artificially 
increased the amount of CO, to 14 litres per cubic metre, that the 
candle power of the Hefner lamp varied о7 per cent. for an increase 
of 1 litre per cubic metre. Аз the amount of CO, in a closed room, 
5 X 63 x 4 metres, in which the lamp has been burning for upwards 
of one hour, only varies from about o'5 to 08 litre per thousand, the 
influence of carbon dioxide on the candle power of flame standards 
may be considered, for practical purposes, as negligible. 

Waler Vapour.—The amount of water vapour in the air is the most 
disturbing factor to be considered in dealing with flame standards, as 
it cannot be remedied by ventilation of the photometer room. There 
are large natural variations in humidity throughout the year, and rapid 
changes from day to day. 

The total variation, for instance, in the candle power of the pentane 
lamp between a warm, damp day in summer and a frosty one in winter, 
may amount to то per cent., and between two consecutive days it is 
frequently 2 per cent. or 5 per cent.—the changes in the Hefner lamp 
from this cause being very little less than in the pentane. 

A discussion of the various methods of measuring humidity is a 
subject which hardly comes within the scope of this paper. The 
chemical method, Dynes dew-point hygrometer, the ordinary wet and 
dry bulbs, and the Assmann ventilated wet and dry bulb thermometers 
have all been used. The last-mentioned instrument has been found to 
give the most reliable and consistent readings, as well as being the 
easiest to manipulate. 

The author reproduces in Fig. 1 a curve which he has already 
published * showing the effect of variations in the humidity of the 
atmosphere on the candle power of the pentane lamp ; candle power 
is plotted vertically, and humidity horizontally. Тһе latter, for obvious 
reasons, is stated volumetrically, and is expressed as the number of 
litres of water vapour per cubic metre of dry air. If, therefore, e stands 
for the aqueous pressure, then the water vapour per cubic metre of 
pure air 


е : 
=}; X 1,000 litres 
where b is the reading of the barometer. 
* Report of the British Association, 1904. 
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Each point on the curve is the mean of a set of observations similar 
to that described on page 283. None of the atmospheric conditions were 
artificially produced, but the results were obtained by observations 
taken under normal conditions throughout the year. These show, 
therefore, the kind of candle-power variations which may be expected 
when using the lamp under favourable conditions—amounting to a 
possible error, due to humidity alone, of plus or minus 5 per cent. 

The curve has been obtained from the barometer and humidity 
readings by the method of least squares. On the assumption that the 
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variations follow straight-line laws, the following formula is obtained 
connecting candle power and humidity for the іо-саһ Ее lamp :— 


Candle power == то + 0°066 (10 — е) 


where ғ is the number of litres of water vapour per cubic metre of 
dry air. 

It will be observed from this formula that the candle power of 
the lamp has its standard value when the volume of water vapour is 
то litres. This figure has been taken as representing very nearly 
indeed the mean humidity over the three years 1897-8 and 9, both at 
the Meteorological Office in Victoria Street and at the Observatory 
Department of the National Physical Laboratory. The former gives 
a mean of 10704 litres per cubic metre, and the latter 9:85. The curve 
in Fig. 2 shows the mean humidity over three years for each month 
of the year as found at the Observatory. Humidities are plotted as 


— TS e e 
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ordinates on the left-hand side and percentage variation in candle 
power on the right. It will be seen from this that the average monthly 
humidities range from 7 to 14, corresponding to errors of about plus 
or minus 2 per cent. in candle power. А5 already observed, however, 
individual observations are liable to twice this error. 

Fig. 3 gives a curve similar to that shown in Fig. 1, but obtained for 
the Hefner lamp. Its candle power is expressed, for the sake of com- 
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Fic. 3.—Hefner Lamp— Variation of Candle Power due to Humidity. 


Parison, in terms of the pentane lamp burning in an atmosphere 
containing то litres of water vapour per cubic metre of pure air. Two 
lamps previously certified by the Reichsanstalt (the German Standards 
Laboratory) were used in the experiments, the observations on the 
individual lamps being shown separately by the side of the main 
diagram, in which all points have been plotted. The formula obtained 
from these observations is— 


Candle power (pentane units) = 0914 + 0°006 (8:8 — г). 


978 PATERSON: INVESTIGATIONS ОМ (Jan. 24th, 


Dr. Liebenthal,* from the average of a much larger number of observa- 
tions made over a greater range of humidity, found a formula which, 
using the ratio of Hefner to pentane as 0`914, gives the following 
relation :— 


Candle power (pentane units) = 0014 + 0005 (8:8 — e). 


As this is based on more numerous data, it should be accepted in 
preference to that given by the author for the Hefner lamp. It may 
be noted, however, that the difference between the two formulae pro- 
duces a discrepancy of under 1 per cent. in candle power even for ап 
extreme case. 

As all the observations were made in the neighbourhood of 88 
litres of moisture (which is the humidity fixed by the Reichsanstalt 
at which the lamp shall be taken as giving г Hefner candle), the exact 
value of the humidity constant will not affect the accuracy of the ratio 
found for the candle power of the two standards. 

À similar set of experiments was made with two Carcel lamps, but 
the want of constancy in the lamps themselves introduced incon- 
sistencies into the results which were of a greater order of magnitude 
than the largest change produced by such range of humidity as was 
obtainable at the time of the year. The results of the tests havc been 
plotted in Fig. 4 in order to obtain a graphical comparison with the 
tests on the other lamps. They show that the Carcel lamp cannot be 
relied upon for constancy to the same extent as the other lamps. It 
will be seen, however, by the diagrams on the right-hand side of the 
figure, that the average candle power of one Carcel lamp is in very 
close agreement with the average candle power of the other. 

The Proportion of Oxygen and Nitrogen in the Air.—The author is not 
aware that any quantitative measurements have yet been made on the 
diminution of candle power due to a scarcity of oxygen in the photo- 
meter room. 

Dr. Liebenthal discusses the matter on theoretical grounds, and calcu- 
lates that a decrease or increase of 1 per cent. in atmospheric oxygen 
should make a difference of 4 per cent. in candle power. It has been 
remarked by most experimenters with flame standards, especially with 
a large unit like the ro-candle pentane lamp, that the candle power 
rapidly falls off in a closed room, and that this reduction cannot be 
accounted for by the increase of water vapour or carbon dioxide in the 
air. 'The author has made measurements in a closed room of 130 
cubic metres capacity, and finds that the candle power of the pentane 
lamp falls about 1 to 14 per cent. in т hour. 

Mr. Dow ł has recently published some curves showing results of 
tests made at Kensington in a room of about 400 cubic metres capacity, 
in which, with two persons in the room and two gas burners alight, the 
candle power dropped some 2'5 per cent. in 1 hour. 

* Fournal für Gasbeleuchtung, vol. 49, 1906, p. 559. 


f "Sources of Error in the Harcourt 10-С.Р. Pentane Standard," by J. S. Dow, 
B.Sc., Electrical Review, vol. 59, 1900, p. 491. 
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In a small, closed photometer room, in which no effort is made to 
ventilate, а variation of from 7 to то per cent. may quite possibly be 
obtained. 

With a small unit such as the Hefner lamp, the trouble due to this 
cause is not so great, but it may safely be said that under no circum- 
stances is it safe to use a flame standard in a room which has not very 
efücient ventilation. 


(алув Power of 1092 
ате! Lamp 

eus cf ие №" 
Petane Unit. 


Ю:1 
GHorsumption per 
"ы" 42 grammes. D-0 


$ 
ГГГІГІГІГІ 
BEHSEMESENENE 
---------- 


5 4 5 
йк of Е: Vapour Pd 
bic Meter of Pure Аг = ©. 


IO- I 10-1 

Ю-С IOO 

; E 

8 

$ Pc. 
V 9 

© © 96 

3 49 


IO II I2 12 14. IS 


° IO II [2 I 670 
"352 2 и ШЕ ӨТУДЕ Vapour е 


Water Vapour. 
Fic. 4.—Carcel Lamp—Diagram showing Observations made. 


In the case of а ro-candle-power pentane lamp, no measurements 
should be relied upon which have been made after the lamp has been 
burning in a closed room for more than 15 or 20 minutes, unless, of 
course, the source of light which is being measured is affected in the 
same way by atmospheric changes. 

The author proposes to make some tests on flame standards in the 
near future, measuring at the same time the amount of oxygen іп 
the air, with the object of determining if the diminution observed 
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in their candle power, as explained above, may be attributed to this 
cause. The experiments would have to be made in a small, closed 
room into which oxygen can be introduced in large quantities. 

These facts illustrate how misleading may be the results obtained 
from comparisons made against a flame standard unless proper pre- 
cautions are taken and the necessary corrections applied. Suppose, 
for instance, that the lamp is being used in a room in which the 
ventilation is bad, and causes, say, a drop of 15 per cent. in the 
candle power of the lamp. If the day be hot and damp and the 
barometer low the ro-candle lamp will be giving a light of the order 
of 9'2 candles, and the Hefner lamp under the same conditions will be 
only slightly more accurate. 

Barometric Pressure. — Under normal conditions, the amount of 
variation due to this cause does not give rise to such large errors 
as changes in humidity. With a high barometer the candle power 
tends to rise, but the amount of the increase or decrease varies con- 
siderably with the type of flame—being 0'8 per cent. per о mm. varia- 
tion in barometric pressure for the 10-candle pentane lamp, and 
(according to Dr. Liebenthal) o'1 per cent. for the same variation in the 
case of the Hefner unit. The author has found o'2 per cent. in the 
latter case, whilst Dr. Liebenthal finds o6 per cent. іп the former. 
The same authority has found о-4 per cent. in the case of the r-candle 
pentane flame. 

The formula which are most probably correct for expressing 
candle-power variations due to barometric changes are as follows :— 


Pentane lamp : Candle power = 10 — 0:008 (760 — b). 
Hefner lamp : Candle power = 07014 — о`ооог (760 — 6). 
(Pentane Units.) 


PHOTOMETRIC METHODS. 


The foregoing notes on the variation of standards with changing 
atmospheric conditions make it clear that it is not sufficient, in com- 
paring any two flame standards of different types, to fix them up on 
the bench and measure the ratio of their candle powers, without 
regard to the state of the air, on the assumption that they will both be 
affected equally by it. Unless the atmospheric conditions at the time 
of observation happen to be standard, or very nearly standard, it will 
be necessary to make a series of candle power comparisons with 
hygrometric and barometric readings. A formula has then to be 
deduced from which the candle power, under standard conditions, 
may be found. 

The method of comparing two flame standards by fixing them both 
on a bench together, and obtaining points of balance between them, 15 
not to be recommended, especially when the ratio between them is of 
the order of т to 10, as it is in the case of the Hefner and pentane 
lamps. The method entails a change over of the lamps to opposite 
ends of the bench, a maximum difference of colour in the photo- 
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meter, and the simultaneous regulation of the height of the two 
flames—which is a troublesome operation. 

The double comparison, or substitution method, described by Dr. 
Fleming in the paper already mentioned, is much to be preferred. Ву 
this method a constant source of light, such as an electric lamp, is fixed 
at one end of the bench and the two flame standards to be compared 
are alternately measured against it. 

In the tests described in this paper, each flame lamp was compared 
through the medium of an electric comparison lamp of suitable colour 
against the large bulb electric standards which now form the 
principal working standards of the Laboratory. The method has the 
following advantages :— 

a. Only one flame lamp has to be regulated at a time. 

b. Personal and bench errors are eliminated. 

c. А set of observations is obtained from which the relations between 
candle power and atmospheric conditions can be deduced for each lamp. 


DESCRIPTION OF THE LAMPS. 


The 10-Candle Harcourt Pentane Lamp.—The details of this lamp are 
too well known in this country to require any but a brief description. 
A photograph of the lamp is shown in Fig. 5, and a reprint of the Gas 
Referees’ official description is given in Dr. Fleming's paper оп 
“Photometry of Electric Lamps.” * 

Liquid pentane is contained in the rectangular saturator at the top 
of the lamp. Air passes in at one of the cocks, and being drawn round 
baffle plates over the surface of the pentane, passes down a rubber tube 
to ап argand burner. The air supplied to the outside of this flame is 
drawn through the cylindrical box enclosing the steatite burner, whilst 
that feeding the inside of the flame is heated by its passage up the 
annular space between the outer and inner metal chimneys. It goes 
from this through the rectangular box seen at the top of the chimneys 
and down the centre of the supporting pillar to the middle of the 
burner. Аз Ғаг as the author is aware, the extent to which a variation 
in the dimension of any part of the lamp affects its candle power has 
not yet been determined. Some points in the lamp are, of course, 
much more sensitive than others, and the author has on hand at the 
present time a set of experiments on a special lamp, by which itis hoped 
to ascertain the most important points in its construction, and the 
amount to which a given increase or decrease of the dimension of any 
part will affect the candle power. 

The Metropolitan Gas Referees state in their notification that in regu- 
lating the height of the flame to about midway between the bottom of the 
window and the bar which crosses it, a variation of a quarter of an inch 
either way does not materially affect the candle power of the standard. 
This statement may be accepted, provided the accuracy required is not 
greater than about т per cent. If, however, measurements are to be 
within this limit of accuracy, it is essential that the flame shall be kept 

* Fournal Institution of Electrical Engineers, vol. 32, 1903, p. 126. 
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at the right height. Dr. Licbenthal* finds that the flame may rise above 
the mark but not fall below it. The author's experiments, however, 
confirm those of other observers? in showing that Mr. Harcourt has so 
proportioned the dimensions of the lamp that when the flame is at its 
correct height its candle power is a maximum—any variation above or 
below the normal height causing a decrease in candle power. This is 
a point which is greatly in favour of the lamp, as it means that a 
certain variation of height is possible, within which it is easy to 
regulate the flame, and within which the candle power does not per- 
ceptibly vary. By affixing a piece of rubber tube to the air inlet cock on 
the saturator, and regulating the flow of air through it by an ordinary 
screw clip, а most sensitive means of flame adjustment is obtained. 
The observer also is able to stand at such a distance from the lamp that 
he will not disturb the steadiness of the flame through air currents 
set up by breathing nearit. From this point of view the lamp compares 
favourably with the Hefner standard, the flame adjustment of which, in 
spite of the ingenious optical device employed, is a matter requiring 
great patience and entailing some uncertainty. 

The procedure which the author has found it desirable to adopt 
when using the standard is as follows : The lamp is setup plumbat the 
end of the bench by means of a plumb-line passed through the chimney, 
and made to coincide with its central axis by means of a centring plug 
at the top. The lamp is then levelled till the plumb-bob hangs exactly 
over the middle of the burner. А gauge of the same pattern as that 
employed by the Gas Referees is then used to measure the distance 
of the lamp from the photometer. И has a pin at one end which 
exactly fits the centre of the burner, and a shoe at the other end, 
the tip of which must graze some known point on the photometer 
(either the screen or some portion of the box which is a definite 
distance from it). 

The lamp is lighted up and all doors and windows of the room are 
thrown open. The lamp is allowed to burn in this way with a free 
circulation of air for half an hour. The electric comparison lamp is 
then brought up to its correct voltage by the potentiometer, and all 
windows and doors closed before taking readings. 

The author has not as yet found any photometer which, for the same 
coloured light, is equal in sensitiveness and accuracy to the Lummer- 
Brodhun contrast apparatus, which has been used in all the experi- 
ments described in this paper. Some twelve or fourteen readings are 
made during the first ten minutes after the room has been closed, 
together with observations on both ventilated and unventilated hygro- 
meters placed at different points in the neighbourhood of the lamp. 
It is desirable for one observer to remain at the photometer and on no 
account to see the position of his own settings, whilst another adjusts 
the flame and takes down readings. 


* Fournal fiir Gasbeleuchtung, vol. 49, 1906, р. 559. 
f "Sources of Error іп the Pentane Lamp,” J. S. Dow, Electrical Review, vol. 59, 
1906, р. 491. 
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As regards the individual accuracy of single photometric observa- 
tions made under these conditions, much depends upon the condition of 
sensitiveness of the observer's суе on any particular occasion. This is 
certainly a variable quantity. The author has found on some occasions 
that ten readings will agree amongst themselves to within plus or minus 
aquarter of 1 per cent., whilst on others the extremes are occasionally as 
much as plus or minus 1 per cent. A set of ten observations taken at 
random from a test book shows the following values for the pentane 
lamp in terms of the National Physical Laboratory Standard Electric 
Lamps, and illustrates the kind of individual variations to be looked for 
in such measurements :— 


981, 9:81, 9:876, 9°90, 9°90, 9°85, 9:87» 9'87в, 995, 9:83, 986, 
The humidity on this occasion was 1274, and the barometric pressure 
702 mm. 

The Hefner Lamp.—A photograph of the Hefner lamp is reproduced 
in Fig. 6. It is the official standard of light in Germany, and detailed 
instructions for ils use are published in the Zeitschrift fiir Instru- 
mentenkunde for 1893. The construction of the lamp is simple. 
Amyl acetate, passing specified tests for purity, is contained in the 
cylindrical reservoir which forms the base of the lamp. A wick dips 
into this and passes up the thin-walled German silver tube projecting 
from the centre of the base. 

The wick, however, does not rise above the top surface of the tube, 
but, keeping about level with it, serves to conduct the liquid to the 
point of ignition. The exact thickness, diameter, and height of this 
tube are some of the most vital points which determine the candle 
power of the lamp. The flame is a lambent one, and resembles in 
general appearance that of an ordinary candle, except that it is 
circular in cross section. The exact height at which it gives one 
Hefner candle (about оо English candle) is 40 mm. In order to 
adjust the flame to the correct height, the lamp is fitted with a sighting 
arrangement, in which an image of the top of the flame is cast on a 
ground glass disc and adjusted to a cross line. 

The general precautions to be observed as regards ventilation 
when using this lamp are the same as for the pentane standard, except 
that the room may be closed somewhat longer while readings are in 
Progress before the candle power of the lamp shows signs of diminution. 

Considerable care and skill must be employed in judging whether 
the flame is at its correct height. The author has observed a tendency 
for the flame to vary its shape from one which is high and pointed, to 
one which is somewhat depressed and flattened at the top, and an 
етог in candle power тау result from taking either of these as correct, 
and adjusting either the pointed or the flattened flame to the level of 
the cross line. The same effect has been remarked by Laporte and 
Jouaust.* 

The Carcel Lamp.—The Carcel lamp, of which a photograph is 

* Société Internationale des Electriciens, Bulletin, vol. 6, ser. 2, 1906, р. 375. 
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shown in Fig. 7, is the working standard of the French gas industry. 
It has a glass chimney and a wick of annular cross section, to which a 
continual supply of pure colza oil is maintained by means of a clock- 
work pump. According to the official instructions, the wick should 
stand 10 mm. above the wick holder, but in practice this is found to 
give too great a consumption of oil, and it is necessary to lower it to 
7 ог 8 mm. in order to approximate to standard conditions. The chimney 
is made of thick glass, and reduced in diameter 7 mm. above the wick. 

The lamp should give its standard candle power when consuming 
42 grammes of oil per hour. As the exact hcight of the glass chimney 
above the wick, and the depth to which the wick is charred, affect the 
rate of consumption, it is very difficult to adjust to the 42 grammes 
per hour. The actual consumption is therefore measured, and pro- 
vided it falls within 39 and 46 grammes per hour the candle power is 
corrected accordingly. There is some doubt, however, whether this 
is strictly accurate, Laporte having found that for a given variation 
in consumption the candle power change is proportionally too great.* 

Various precautions must be observed when using the lamp. For 
each experiment the oil and the wick must be new, and the latter should 
have previously been stored in a desiccator in order to ensure absence 
of moisture. As soon as а full stream of oil is circulating over the 
wick, the latter should be charred to an even depth of about 2 mm. all 
round by means of a flat flame burner. The lamp may then be 
lighted, turned very low, and the chimney fixed so that the neck 
presses close down on to the wick. 

Under these conditions there is only a very shallow ring of flame, 
which tends to equalise the intensity all round the wick. After about 
fifteen minutes burning in this condition the chimney is raised, the 
wick turned up, and after twenty minutes' burning the lamp is counter- 
poised on a balance on the photometer bench. А weight of то grammes 
is then added to the scale on which the lamp is fixed, and the time 
observed before the balance again swings over. The correct time for a 
consumption of то grammes, at thc rate of 42 grammes per hour, is 
I4 mins. 17 secs. 

The author has found that, after taking a large number of observa- 
tions, and using the utmost care in all the adjustments, he has been 
unable to make readings from the lamp agree with certainty to within 
an accuracy of + or — 3 per cent. (Зее Fig. 4.) 

In any two directions at right angles the Jight from the flame may 
vary by as much as 2 per cent., and to ensure even the 3 per cent. limit 
of accuracy it is generally necessary to take a mean of four readings 
round the flame in directions at right angles to each other in a 
horizontal plane. 


SUMMARY OF RESULTS. 


In summarising the results of the tests described here, and com- 
paring them with those made in other laboratories on the Continent, 


* Société Internationale des Electriciens, Bulletin, vol. 15, 1898, p. 106. 
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it is essential to take into consideration the fact that the Hefner lamp 
in Germany has its standard value when the volume of water vapour 
is 88 per r,ooo litres of air, whereas both the pentane and Carcel 
lamps are taken as having their nominal value when the humidity is 
то litres рег 1,000. 

The following values are obtained for the Hefner and Сагсе! lamps 
from the curves given in Figs. 1, 3, and д. These values are in the 
terms of the ro-candle Harcourt pentane lamp. Іп the case of the 
Carcel standard the mean of all the readings shown in Fig. 4 has been 
taken. The variations of the Carcel lamp with changing humidity 
will hardly concern these figures, since all measurements were made 
in the neighbourhood of ro litres per 1,000. 


Hefner lamp = 0:914 pentane units. 
Carcel lamp = 0'982 pentane units. 


The following tables give the values for the same ratios recently 
obtained and published * by the Reichsanstalt in Berlin, and by the 
Laboratoire Centrale d'Electricité and Laboratoire d'Essais et Conser- 
vatoire in Paris.] uu 

Expressing the values of all the units in terms of that given by the 
pentane lamp, we have :— 


Pentane. Hefner. Carcel 
National Physical Laboratory I 07914 0'982 
Reichsanstalt  ... з vu I 0'917 07991 
Laboratoire Centrale ... sas I 0920 1'ООО 
Laboratoire d'Essais ... Mi I 0:928 0996 


Expressed in terms of the unit given by the Hefner lamp they are as 
follows :— 


Pentane. Hefner. Carcel. 

National Physical Laboratory 1'094 I 1'074 
Reichsanstalt ... 5% T 1°09 I гово 
Laboratoire Centrale ... ^ 1:076 1 1'076 

| Laboratoire d'Essais ... ... 17077 І 1'067 


% journal für Gasbeleuchtung, vol. 49, 1906. 
$ The values for the three ratios given by the Laboratoire d'Essais differ among 
themselves by about т per cent. The mean values have therefore been taken. 
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Expressed in terms of the unit given by the Carcel lamp :— 


NENNEN LL 22 Pentane. | Hefner | Carcel. 
Ыб 
National Physical Laboratory й I'O18 A O'05I | I 
Reichsanstalt ... roog | 0926 | I 
Laboratoire Centrale 1°ООО | 0920 | І 
Laboratoire d'Essais , гоо | 0'937 | I 


By taking the average of the ratios found in the two Paris labora- 
tories as representing the French values for the lamps, then the mean 
of the three sets of results found in Paris, Berlin, and London gives a 
value for the Hefner lamp of 0'92 English units as represented by the 
1o-candle pentane standard burning in an atmosphere containing 10 
litres of water vapour per cubic metre of pure air. As the репегаПу 
accepted value for the Hefner lamp is o'88, it shows a difference of 
4 per cent. between the old and the new values. It is interesting to 
note that no value in these tables differs from the mean by as much 
as 1 per сепі., and the majority are within the half of т per cent. 


COMPARISON AND CRITICISM OF THE THREE LAMPS AS STANDARDS 
OF LIGHT. 


The measurements made at the National Physical Laboratory on the 
three principal flame standards now in use have given opportunities for 
comparing them under working conditions and judging of their 
respective suitability as standards of light. 

As regards the Carcel lamp, it has not been found that its constancy 
from day to day is comparable with that of either the Hefner or the 
pentane lamp, its variations from the mean being as much as + or — 
3 per cent. The reason for this can only be attributed to the difficulty 
in reproducing the same conditions of capillarity in the wicks uscd. 
Although all possible care was taken to produce the most favourable 
conditions of constancy, the results were not satisfactory, and in the 
notes which follow, the pentane and Hefner lamps only are considered 
with reference to their suitability as light standards. 

General Construction.—The Hefner lamp, which is only one-cleventh 
the candle power of the pentane lamp, 1$ much simpler in general con- 
struction, small and more easily set up, and should be simpler to 
manufacture and adjust to standard dimensions, 

Ease of Regulation and Working —It has been found in using the 
lamp that the flame of the 10-candle pentane standard i$ a great 
deal easier to adjust, and remains more constant while observations 
are being made, than that of the amyl acetate lamp. 

The fact that the Hefner unit has a lambent flame, burning in 
free air, whereas the pentane standard is well shielded and, owing 
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to its chimney, has a more stable flame, makes the latter practically 
independent of draughts which would render measurements with the 
Hefner lamp quite impossible. Although the flame of the Hefner 
lamp may be shielded, slight movements of the air cannot be avoided ; 
these disturb the flame so that it only remains at its correct height for 
a few seconds together, rendering adjustment difficult and the taking 
of candle-power readings rather a tiring process. 

On the other hand, it is not safe to assume that, owing to the 
fact that the top of the flame of the pentane lamp is cut off, the 
latter may be allowed to vary appreciably in height. Variations of 
3 mm. up or down do not materially affect the candle power, but 
for accurate work a second observer is required to sce that the top 
of the flame is flat, and to regulate it to the correct height. 

Effect of Atmospheric Changes.—As regards changing humidity, the 
two standards are affected to nearly the same extent, the Hefner lamp 
being slightly less influenced than the pentane lamp. The latter 
standard, however, is very much more sensitive to barometric variations 
than the Hefner unit, an inch change in pressure being equivalent 
to 2 per cent. in candle power. 

The Nature of the Light.—The pentane lamp has а whiter light than 
the Hefner unit, being much more nearly the same tint as the Carcel 
standard. 

The fact that its candle power is eleven times that of the amyl 
acetate lamp makes it of the same order of magnitude as the ordinary 
lights which are tested against it. 

These two factors, coupled with the greater ease of adjustment 
when making observations with the pentane lamp, greatly outweigh, 
in the author's opinion, the disadvantage of the more complicated 
construction and the larger correction that has to be applied for 
changes in barometric pressure. 


SECONDARY STANDARDS OF LIGHT.* 


Under this section the author proposes to give the results of 
tests made at the National Physical Laboratory on a number of 
high-voltage standard electric lamps. 

The tests were made in order to ascertain what order of constancy 
may be expected from the best high-voltage glow lamps, with a view 
to using them as photometric standards. 

Dr. Fleming's work on large bulb low-voltage incandescent lamps 
for use as standards is now well known, and the author, from several 
years’ experience with large bulb Fleming Ediswan lamps as labora- 
tory standards, can testify to their reliability when ordinary precautions 
are taken in using them. Dr. Fleming | has published descriptions 
of these lamps, but as yet no curves have been published showing 

* Sc notes on the use of Glow Lamp Standards, ]. S. Dow, Electrician, vol. 57, 
1906, р. 855. 


t Fournal Institution of Electrical Engineers, vol. 32, 1903, р. 119. Report of British 


тон 1904—“ Large Bulb Incandescent Electric Lamps as Secondary Standards 
Light." i | 
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their performance when run for a considerable length of time. 
Curves, therefore, showing the behaviour of these lamps during the 
first part of their life will be of interest, as they illustrate the peculiar 
properties of the lamps and the difference between low- and high- 
voltage glow lamps from the point of view of their suitability as 
standards. 

Ten of these lamps were obtained two years ago from the Ediswan 
Company, for use as laboratory standards. They were mounted on fixed 
sockets with soldered leads as shown in Fig. 8. They were run for 
periods varying from 400 to 600 hours on a circuit the pressure of 
which was carefully regulated. Candle power readings were taken at 
frequent intervals during the run. Тһе curves of six typical lamps аге 
shown in Fig. 9. The efficiency of these lamps was initially about 
4'5 watts per candle * and 4:3 after 500 hours. When compared with 
the life curves of ordinary lamps (Figs. 15 and 18)it will be noticed over 
what a long period the initial rise in candle power lasts. The best 
curve is that of lamp 15, which remained constant for 200 hours. 
Lamps 8 and то have just attained the end of their candle power rise, 
while in the case of lamp 11 there is no sign after 600 hours of 
any diminution in the rapid rate at which the candle power is rising. 

The first point which is evident from an inspection of these curves 
is, that the performance of filaments specially prepared for constancy 
cannot be predicted with certainty. If a lamp is to be used as a photo- 
metric standard of the first grade, its history for 100 to 200 hours should 
be known, and its life curve should be closely watched in order to 
ascertain the point at which it is beginning to flatten out. 

If the only photometric standards required werc of the low-voltage 
type, the problem might be considered as solved. A properly aged 
specially prepared low-voltage filament if burnt for, say, ten minutes a 
day for five days іп the week should last two or three years without 
changing the half of r per cent. in candle power, provided that no 
excess voltage is applied. 

Where, however, the only source of supply is a high-voltage variable 
circuit, it is essential that the standard and the test lamp shall be run in 
parallel, so that the effect of voltage variations may be reduced to a 
minimum.. This entails either the use of a low-voltage lamp with a fixed 
resistance in series, or a high-voltage lamp of reasonable constancy. 
The method of putting a resistance in series with a low-voltage lamp 
and running on a high-voltage circuit is not so satisfactory as it might 
appear at first sight. Тһе resistance must dissipate some бо watts 
and must keep constant to o'r per cent. if the candle power is to be 
correct to o'5 per cent. If, further, the voltage variations on the circuit 
are great, it is essential that the temperature coefficient of the resist- 
ance sball be the same as that of the lamp. 

In the tests under consideration six lamp makers kindly undertook 
to co-operate with the Laboratory in the investigations, bysupplying high- 


* To avoid confusion the author has, in accordance with the usual engineering 
practice, given the efficiencies in “ watts per candle" instead of '*candles per watt.” 
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Fic. 8.—Large Bulb Fleming-Ediswan Photometric Standard, mounted with 
soldered leads. 
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voltage 16-candle-power lamps, with filaments which they considered 
would be most suitable for standard purposes. Тһе filaments were іп 
one plane and the bulbs of ample dimensions. Тһе lamps numbered 
in all thirty-seven, and were run on a pressure-regulated circuit with 
frequent observations of candle power and current. 

Sample curves from each batch are shown in Figs. то, 11, and 12. 
In examining these curves, however, it should be borne in mind that as 
the efhciency of the various sets was different, the curves can only be 
considered as roughly comparable. 

The average rate of fall in candle power for each make of lamp is 
given in Table II., as well as its average efficiency. The figures іп 
column 4 are taken from the portion of the curve at which the rate of 
fall is most even. 


TABLE II. 
COLUMN 1. COLUMN 2. COLUMN 3. COLUMN 4. 
Make of Number Average Initial Percentage Fall in 
la со | Tested Watts per Candle Power 
| mp. ^ Candle. per 100 Hours. 
| А 5 34 46 
B 4 42 09 
| 
С 3 4I I7. 
| 
| р 8 40 37 
| 
| Е II 45 29 
| 
Е 6 37 3'5 


Make А has an initial efficiency which is unnecessarily high for 
standard work, but except for lamp No. 6 the life curves do not differ 
{гот those of ordinary filaments of high grade quality. 

Make В showsan interesting set of freak curves. The candle power 
of lamp No. 7, with an efficiency of 4 watts per candle, has remained 
constant for over 300 hours to within the half of 1 per cent. 

Other lamps of this type show the same characteristics as Nos. дапа 
10, which, after falling and again rising in candle power, finally reach an 
approximately constant value after 500 hours. 

Lamp No. 7 shows, of course, the best performance, and is the type 
to be aimed at—but it is, unfortunately, the only one of its kind out of 
some five or six which have been tested. 

Make C has some interesting features. Only three lamps were 
tested of this kind, but of these Nos. 12 and 13 show a high degree of 
constancy over a portion of their life—especially as they have the 

Vor. 88. 19 
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comparatively high efficiency for 200-volt standards of 4 watts per 
candle. 

Makes D and F show no special features of interest, as they have an 
even fall in candle power throughout the whole of their life. 

Make E. 'The foregoing remarks apply to Make E also, except for 
lamp No. 34, burning at 44 watts per candle, which shows but a very 
gradual fall in candle power. 

Asa result of these investigations there is no doubt that high-voltage 
lamps are to be obtained which remain constant for a considerable 
time. They cannot, however, as yet be produced with certainty. By 
trying a number of special lamps, some may be found which are in 
every way as good as low-voltage standards—but at present the only 
alternative to this isto select a lamp with as small and asregular a drop 
as possible, and rely on restandardisation after about twenty hours’ 
running. It should not be necessary to run a standard under ordinary 
conditions for longer than forty-five minutes per wcek in all. In this 
case restandardisation would only be required every six months. 


COMMERCIAL GLOW Lamp TESTING. 


It should be unnecessary, after all that has been said recently, to 
emphasise the need for a closer supervision of the glow lamps which 
are supplied in the ordinary course of business to purchasers in this 
country. Тһе matter has been enlarged on by Mr. С. Wilkinson,* 
Mr. L. Gaster,t Mr. J. W. Howell, and more recently by Sir William 
Preece.§ These writers have given data showing how in this country 
unevenly rated and low-efficiency lamps are supplied by makers. 
They miss the incentive to improve the quality and uniformity of 
their goods which arises from satisfactory inspection, and a technical 
knowledge of the subject on the part of the buyer. 

Lamps which аге otherwise good are classed for use on voltages 
for which they are unsuited, and either give out early or have a long 
and inefficient life. On the other hand, many lamps are sold which, 
although of average efficiency, drop within a comparatively short time 
to 8o per cent. of their original candle power. It is common know- 
ledge that some of these lamps, though labelled with British names, are 
of foreign manufacture. The fact that some of the largest lamp makers 
are so strongly in favour of inspection, and that they assisted thc 
Engineering Standards Committee in drafting the specification, | 
speaks eloquently in favour of the desirability of supervising glow 
lamp supplies. 

It is noteworthy that although the greatest effort is often made to 
obtain the last $ per cent. efficiency in the machinery generating the 
lighting current, often under severe penalties to the maker, an in- 
efficiency of 20 per cent. or more in the glow lamp, the last link of 

* Sournal Inst. Electrical Engineers, vol. 37, 1906, p. 52. 

| S ournal Society of Arts, vol. 54, 1906, p. 322. 

! 


Proc. Amer. Inst. Electrical Engineers, vol. 24, 1905, p. 617. 
8 Report of Brit. Assoc., 1900. || See Preface to Glow Lamp Specification, 
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transformation, is allowed to pass altogether unheeded and unchecked. 
It is surely in the best interests of the supply companies that the 
consumer should get the best value for his money. 

In the specification of the Sub-Committee on Physical Standards of 
the Engineering Standards Committee, published this winter, rules are 
laid down for the inspection and testing of samples from consignments 
of glow lamps with the object of determining whether the delivery 
from which they were taken comes up to specification. 

The tests specified may be divided into two classes :— | 

I. Tests to determine the initial rating of the lamps and their 
uniformity in candle power and watts. 

2. Tests to determine the maintenance of the candle power of lamps 
during life. 

INITIAL RATING. 


Under the first test, limits are defined within which the candle 
power, watts, and efficiency should fall, a percentage of the lamps 
being selected from a consignment for this inspection. 

It is the present custom of many supply companies who provide 
their consumers with lamps to measure the candle power and watts 
of all the glow lamps they purchase. Тһе practice is admittedly very 
laborious, and it is the author's opinion that in carrying out these tests 
the buyer is relieving the manufacturer of work which should be 
thoroughly done before the lamps leave the factory. If they have been 
carefully апа properly tested first, it should only be necessary to check 
over a limited number of lamps from a consignment, and, if they are 
not satisfactory, to return them to the works for re-inspection, in order 
that wrongly rated lamps may be weeded out. 

The Engineering Standards Committee has kindly given the author 
permission to publish the results of some tests which have been carried 
out for them at the National Physical Laboratory on 120 high-voltage 
glow lamps. These were made by ten British makers and were bought 
over the counter in the ordinary way. The Sub-Committee on Physical 
Standards, which has drawn up the specification for glow lamps, 
wished to know the grade of the filament, and the kind of uniformity, 
to be expected at the present time in lamps supplied to chance pur- 
chasers. The type of lamp chosen was for 16 с.р. at 200 volts. The 
lamps were tested for mean horizontal candle power and watts at 
the marked voltage, and the results plotted in the usual way on target 
diagrams. These are shown in Fig. 13, and plainly illustrate the fact 
that there is room for great advance by the makers in the uniform 
rating of their lamps. In Fig. 14 are shown sets said to be typical of 
American lamps. That on the left-hand side shows а set of American 
Edison 200-volt lamps bought on the open market, and tested by Mr. 
F.C. Bailey. That onthe right-hand side shows а set of 110-volt lamps 
tested by the New York Electrical Testing Laboratories, who give this 
diagram as a fair sample of good American practice. The limits 
shown on these diagrams are those within which lamps must fall in 
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order to meet the requirements of the American markets, whilst those 
shown by the six-sided figure in the centre of each diagram for the 
English lamps are the individual limits which would be allowed by the - 
Standards Committee's specification for 3:8 watt lamps. The large 
circle in the centre of each diagram represents the mean of all the 
lamps. 

A cursory inspection and comparison of the diagrams in Figs. 13 
and r4 bring out many points of interest regarding the uniform rating 
of lamps. Ша batch 7 the candle power, nominally 16, varies, not 
unevenly, over a range from тт to 18, the corresponding efficiencies 
being from 5:2 to 3:4 watts per candle, and the “ useful life" * at the 
marked voltage varying, probably, from 2,500 hours in the case of the 
inefficient lamp, to 230 in the case of the efficient one. In group 2, on 
the contrary, although the candle power is uniformly low, the limits 
are within 13 and 15 candles, and the useful life at the marked voltage 
would lie, approximately, between the narrow limits of 340 and 
650 hours. 

The extreme values of candle power, watts per candle, and life for 
each batch are given in Table III. It must be admitted that these 
wide variations leave much to be desired. 


TABLE III. 


COLUMN 1. | COLUMN 2. COLUMN 3. COLUMN 4. 

Make of Lamp | к Candle Pouce Probable Life.t 

(see Fig. 13). | (Extreme Values). (Extreme Values). 
Batch. | Hours. 

I 161 to 21°5 3°04 to 3°75 43 to 130 

2 | gyro 14°8 3-83 to 4°19 340 to 650 

3 | 182 to 17:8 3°56 to 3790 330 to 660 

4 14'1 to 170 372 to 4°26 470 to 1,040 

5 12°9 to 204 | 3°15 to 502 76 to1,170 

6 12°1 to 184 329 to 4:65 136 (01,120 

7 rro to 1872 344 to 5/21 230 to 2,500 

8 15:3 to 19:4 3°12 to 3°76 180 to 540 

9 13'0 to 16'1 3°33 to 425 190 to 700 

12110186 3:24 to 42 160 to 820 


Ё 


It is rightly urged in extenuation of this condition of things, that 
the very unequal grading of supply voltages in this country renders it 
impossible for makers to supply lamps at a reasonable price which shall 


* By “useful life" is meant, here, the time run before the candle power has fallen 
to 8o per cent. of its initial value. In view of the fact that lamps tested for life under 
the Standards Committee's Specification are those which are, initially, very near the 
Standard candle power, “useful life" in this specification is defined as the time run 
before the candle power has fallen to 80 per cent. of its Standard value. 

{ The values given in column 4 are deduced from the curve shown in Fig. 17. 
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fall within the same narrow limits that are imposed under the American 
system. It is not possible in lamp manufacture to predict, even within 
. fairly wide limits, what will be the voltage at which a lamp will give а 
certain candle power and consume a specified number of watts per 
candle. "There must, therefore, of necessity be a considerable number 
of lamps which would be more suitable for, say, 215, and others for 
225 volts, which are, nevertheless, rated for 220 volts, because of the 
small demand for lamps for the odd pressures, and the natural desire 
to keep down the number of outfalls to a minimum. But even 
taking this into consideration, the fact that some English makers are 
able to turn out a much more uniform product than others, shows that 
improvement would be possible if {һе large buyers of lamps insisted on 
having them supplied to specification, and took proper steps to see 
that they did not fall short of the guarantees. 

The author does not propose to enlarge here on the question of the 
grading of supply voltages, a subject which has been raised lately by 
Mr. С. Wilkinson * and Sir William Preece,] and discussed at length in 
the technical papers. He merely points out what the grading of volt. 
ages and the enforcement of a rigid glow lamp specification has done 
for the American consumer, and some of the consequences which must 
follow from adopting a similar practice in this country. The fact that 
voltages in this country are so unevenly balanced, as shown by Sir 
William Preece's diagram, has made necessary the setting of much 
wider limits than in America, and the lack both of a comprehensive 
specification and of the means of enforcing it has produced the state 
of affairs shown by the diagrams in Fig. 13. If the American + and — 
limit be applied to the average of each batch of these English lamps 
shown in Fig. 13, about 45 per cent. of them would be rejected ; whilst 
if they are applied on the assumption that the average candle power 
is to be 16, there would only be 35 per cent. of the lamps which would 
pass the test. Even the wider limits specified by the Engineering 
Standards Committee would, under these circumstances, exclude 40 per 
cent. of all the lamps. 


Lire ТЕвт.! 


The question of a satisfactory life test for glow lamps is naturally 
one of much greater difficulty than that for initial rating ; yet the 
maintenance of candle power on life—or, in other words, the number 
of useful candle hours obtained from a lamp—is the chief point about 
which information is required when buying lamps. 

The diagrams shown in Figs. 15 and 16 illustrate the state of things 
at the present day in this country as regards the performance of glow 
lamps on life test. Six out of each make of lamp shown in Fig. 13, 
which came nearest the mean, were selected for life test, and run 


* Fournal Institulion of Electrical Engineers, vol. 37, 1906, p. 52. 

+ Report of British Association, 1906. 

t For tests showing the typical performance of 100-volt lamps ten years ago, 
see Proceedings of the Physical Society, vol. 13, р. 439, “ Tests of Glow Lamps," by 
Professor Ayrton and Mr. E. А, Medley. 
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under identical conditions. The lamps were set up on the racks, and 
the voltage on each was so adjusted that the watts per candle at the 
commencement of its life were exactly 3:8. The test was considered at 
an end when the candle power of the lamps had fallen to 80 per cent. 
of the initial value. 

Fig. 15 shows the performance on life test of individual lamps, and 
Fig. 16 the average of each set, candle power in these diagrams 
being plotted as ordinates and hours run on life test as abscissze. 
The uscful life obtained from the different groups will be seen to vary 
between the limits of 150 and 550 hours. In view of the great difference 
in quality which these results show to exist between different makes 
of filament, the desirability of some form of life test becomes apparent, 
in order to prove the reality of lamp guarantees. 

In Table IV., column 2 gives the actual average useful life found for 
each batch—that is to say, the time the lamps will run before falling to 
80 per cent. of their initial value. Theresults given in column 2, however, 
are not strictly comparable, since, as the filaments varied slightly in 
shape, the ratio of mean horizontal to mean spherical candle power was 
not exactly the same forall thetypes. As, therefore, the voltage on life 
test was adjusted so that the watts per mean horizontal candle power 
were 58, the lamps which emitted relatively more light in a horizontal 
direction than in a vertical one would really be running at a lower 
temperature than those which gave more light in a vertical direction. 
The values of oo for each type of filament are therefore given in 
Table IV., column 3, from which it will be seen that the average ratio 
was about 0’865. А correction has been applied in each case to the 
values in column 2, and in column 4 the average life is tabulated of 
each batch of lamps, on the assumption that its ratio of spherical to 
horizontal candle power is 0:865. 


TABLE IV. 

COLUMN r. | COLUMN 2. COLUMN 3. COLUMN 4. 
ca | Actual Life. Ratio ү үгү ню 
Batch. Hours. 

I 140 0°88 153 
2 370 0'884 416 
3 487 0846 426 
4 535 0`862 | 52 
5 225 -0'876 241 
6 315 0'84 202 
7 415 0:878 450 
8 570 o'88 | 626 
9 415 o'868 422 
10 


415 0'86 402 
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Lamps tested for life in this country are usually run at their rated 
voltage until they either break down or their candle power has dropped 
to 8o per cent. of its initial value. This method, however, is open to 
serious objections. А lamp can only be guaranteed to have a life of 
given length when the filament is run at some definite temperature (see 
Fig. 17). This can be adjusted to a near degree of accuracy in carbon 
filament lamps by running them at some known watts per candle. If, 
for instance, there are a number of lamps in a batch. which vary in 
efficiency from 2:6 to 3:6 watts per candle, the useful life of the latter 
may be expected to be about seven times longer than the former. If 
their life has been specified to be a certain length at 3'10 watts per 


Watts per Candle. 
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Fic. 17.— Curve showing the Percentage Variation in the “ Useful Life " of Lamps 
when run at different watts per candle. 


candle, then it will only be necessary to test, say, five lamps at this 
efficiency, and take the average of the five. If, however, the run 
should be made at the marked voltage instead of at the specified watts 
per candle, it would be necessary to test five or six times the number 
of lamps in order that there might be a reasonable probability that the 
life deduced from the mean should be within 5 per cent. of the true 
value. This is to be expected if it is borne in mind what large 
variations in the life are possible when the watts per candle approach 
the extreme values.* 


“ Mr. Е. J. Selby, M.A., investigating the errors to which this method is liable, 
finds that, taking a и type of lamp for which the limits specified of watts per 
candle power are 2'6 and 36, and the lite respectively 140 and 960 hours—the possible 
variation from the mean life is + 410 hours. Assuming a straight-line law, and sup- 
posing further, as is justified by observations, that it is twice as likely that a lamp 
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It has to be noted that the law connecting watts рег candle and life 
is not a straight-line law. Even, therefore, if a large number of lamps 
were tested for life at their marked voltage, the average life found in 
this way is not the life of the lamp whose watts per candle is the 
mean of the lot, but would be some 10 or 12 per cent. longer (Fig. 17). 

If there are enough lamps to choose from, it may be possible to find 
some which have their standard efficiency at the marked voltage, but 
it must be remembered that great accuracy is required in the watts 
per candle, as 1 per cent. above or below the mean will cause a 5 per 
cent. error in the life. The specification reckons drop in candle power 
from the standard, and not the actual initial candle power of a lamp. 
It is not often, therefore, that as many as five lamps can be found which 
are I6 candle power, and sufficiently near the standard watts per candle 
to insure the necessary accuracy in determining the length of life. 

An inspection of the curves in Fig. 15 shows that when run at a 
definite initial efficiency, the candle power of individual lamps of a 
given make will keep very close together throughout their life—the 
average results obtained from five or six lamps presenting trustworthy 
data from which the whole consignment may be judged. 

It should be observed when examining Fig. 15 that any divergence 
which occurs between curves of the same set is largely due to differ- 
ences in the initial candle power. Had this been approximately the 
same for all lamps in a set, most of the groups would have presented 
the same compact appearance as No. 2. 

To illustrate this point Table V. has been drawn up. It is assumed 
in this that all the lamps commenced their life at 16 candle power. 
Had all the lamps in a batch been the same as regards durability, they 
would then have followed the same life curve. If such were the case 
it would only be necessary to test one lamp for life out of the consign- 
ment. There are, however, slight differences between lamps of the 
same make which render it necessary to test more than one lamp. In 
the case in point six lamps of each type were tested. Тһе area of each 
of these hypothetical curves starting at 16 candles, exactly, has been 
integrated up to 400 hours, the maximum plus and minus deviation 
of the area of these curves from the mean in the case of each group 
being given in column 2.* In column 3 the probable error in life is 
given if five lamps out of six be taken. Five lamps only are considered 
instead of six, as that is the minimum number which can be tested from 
a consignment under the new specification. 

The table shows that five lamps being taken from each consign- 
ment, and being run on life test at definite initial watts per candle, in 
six cases out of nine the probable error is under 1 per cent., whilst the 


should fall within the limits + 205 (half the possible variation) as that it should fall 
without these limits, then the mean error due to taking the average of the lives of 
twenty-five lamps as the mean life is 5:5 per cent. In the majority of cases the error 
will of course be less than this, but in a certain number of cases it will be greatly 
exceeded. 

* The freak lamp in Group 5 has been ignored for the purposes of this table. 
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maximum probable error is 1°3 per cent. ; so that in practically all the 
tests made in this way results may be relied upon to within 2 per cent. 


TABLE V. 


COLUMN 1. COLUMN 2. | COLUMN 3. 


4 and — Individual Maxi- Probable Етгог | 


Make of mum Deviations from іп Candle Hours | 
Lamp. the Mean Candle Hours to for Mean of 
400-Ноцг Point. Five Lamps. 
i ea о Et шы шш. = s curri А фу Үү 
Batch. Per Cent. Per Cent. 
I — — 
2 + 32 апа — 2'7 07 
3 + 3:2 апа — 68 I2 
4 + 39and — s'1 Ке) 
5 + 6'1 and — 6:3 г 
6 + 2'9 and — 3`9 | о 
7 + 27 and — 45 | o'8 
8 + 3:2 апа — го 0:6 
9 + 3'7 апа — 2'7 o'8 
IO + 2'2 and — r3 | о5 


The cost of power іп such cases, worked out оп the basis of five 
lamps tested for life out of a consignment of, say, one thousand, comes 
to o'36d. per lamp. This is reckoning that the power will cost 3d. per 
unit, voltage being specially regulated. 

The test usually has to be made by arranging a short length of 
resistance wire in series with each lamp. Кип under these conditions 
the pressure across the lamp terminals will not be more than І or 
2 volts above or below the normal. It is obvious, of course, that a 
lamp which shows better results than another under these conditions 
will also prove better when run on an ordinary lighting system, with 
perhaps a slightly different and variable voltage. Тһе additional 
advantage, among others, is gained that all tests on glow lamps have a 
common basis for comparison as regards upkeep of candle power 
during life. It is not a serious matter to group lamps on the life test 
racks so that only a foot or so of resistance wire is required in series 
with each lamp in order to reduce all to the same initial watts per 
candle. 

The system adopted at the Electrical Testing Laboratories of New 
York is to adjust the voltage initially on each lamp so that it is burning 
at its standard candle power. The method insures that the 16-candle 
lamp, for instance, has the advantage of the full amount of drop from 
16 to 12:8 candles before its useful life is considered at an end. Тһе 
disadvantage is that on the Ше test it may be running at slightly above 
or below the correct watts per candle. The author prefers the method 
adopted by the Engineering Standards Committee of having the watts 
per candle rigorously correct. Lamps should then be chosen for the 
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lifetest which are nearest to the standard candle power. Іп practice, 
however, the difference between the two methods amounts to 
very little. 

The average candle hours of uscful life for each make of lamp are 
given in Table VI. Thevalues have been corrected, as explained above 
(page 295), to allow for differences in candle-power distribution for the 
various types of filament. On the lines of the Glow Lamp Specifica- 
боп, a 3°8-watt 16-c.p. lamp should have 6,750 candle hours of useful 


life. 
TaBLE VI. 


COLUMN r. COLUMN 2. 


Mak Сапе Hours of 
EE Lamp Useful Lite. 


Standard 6,750 
Batch No. 1 2,280 
5,650 
6,650 
7,700 
3,560 
4,150 
7,150 
9,540 
6,040 
5,700 


OO оом ол ыы 


Lond 


VOLTAGE REGULATION. 


Good voltage regulation during the life test is of vital importance. 

If the pressure fluctuates about a mean value, an excess voltage for a 
will ae as Sai the life of the lamp, be fully balanced by 
nding diminution in pressure for the same time. Fluctuations 

» е should, therefore, be kept to within + or — the half of 
1 per cent. Тһе accurate setting of the mean voltage is also of great 
importance, since 115 not always appreciated that with ordinary glow 
lamps an increase О ly 02 per cent. in the volts produces a variation 

ent. in € ше. 

9 a СИ, of the British Thomson-Houston Company, has kindly 
given the author permission to reproduce here the curve shown in Fig. 17. 
This curve shows the connection which exists between the length of 
the useful life of the lamp and the watts per candle at which it is started 
on a life test. The curve has been used by the author in this paper to 
calculate the length of life which glow lamps will have under other 
than the actual conditions of running. In the curve a 3'1 watt per 
amp i5 supposed to have a life of 100 per cent., so that the 
fe at any other efficiency may be read off the curve. Тһе 


given time 


candle 1 : 
percentage li 
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diagram illustrates how rapidly the length of life changes as the watts 
per candle vary.* 

The curve suggests the question whether it is not possible to 
shorten life tests very considerably by running lamps at a high 
efficiency, and by deducing from the curve what would be the length 
of life at any other efficiency. The author is not aware whether curves 
exist similar to this one and based on a large amount of data, showing 
the performance of lamps manufactured by other makers, or whether 
such curves would agree closely with this one or not. It must be 
remembered that the relation shown by this diagram, although the 
result of tests on a very large number of lamps, only gives the per- 
formance for one make. It has yet to be proved whether all types 
would be the same in this respect. 

It is likely, however, that down to a certain point the curve would 


give correct results within very narrow limits. When the over- | 


running is increased, until the watts per candle reach as low a figure 
as 2 or under, other effects will probably come in and render the test 
untrustworthy (see Fig. 19). 


COMPARISON BETWEEN NORMAL LIFE TEST AND AN OVERRUNNING 
TEsT oN GLow LAMPs. 


About two years ago a series of tests was carried out at the 
National Physical Laboratory on behalf of one of the Government 
Departments, in order to determine if it is possible by an overrunning 
test to predict the percentage drop which lamps would have after a 


given time if run under ordinary conditions. Lamps were ordered on . 


a specification which entailed a life test for one hour at 40 per cent. 
increased voltage. 

The specification is a modification of that which Sir William 
Preece adopted at the Post Office for testing the resistance of the 
filament to withstand rupture. His specification was based оп an 
exhaustive set of measurements,] from which he found that in the case 
of the better class of lamps which he tested an increase of 7o per cent. 
in the voltage over a period of 2$ minutes did not appreciably 
diminish the candle power of the lamps ; whilst a gradual increase of 
100 per cent. in the pressure, over 3 minutes, should not cause rupture 
or failure of any kind. 

Under the first specification mentioned above, samples are taken 
from a consignment of lamps and run for 60 minutes at 40 per cent. 
above the normal voltage. This, in the case of an ordinary glow lamp, 
is equivalent to about r'3 watts per candle. At the end of this test the 
candle power must not have fallen more than a given amount from its 
rated value. It was desired to compare various sets of lamps tested 
under these conditions with an exactly similar set run on ordinary life 
test at the rated voltage. 

* For curves connecting voltage, etc., and length of life, sec paper by Г. Gaster, 


S ournal of Society of Arts, vol 54, 1906, p. 322. 
t The Electrician, vol. 37, 1896, p. 733. 
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For the purpose of the test, three different makes of lamp were 
supplied, from which a careful selection was made, in order to obtain 
from each type lamps which matched as regards watts per candle. 
Six from each make were then chosen for the overrunning test, and 
six for the run at normal voltage. 

As the lamps in question had filaments which varied considerably 
in form, it was found that the watts per mean horizontal candle power 
did not form a sufficiently accurate measure of the intrinsic brightness 
of the carbon, and it was deemed desirable to make all comparisons on 
the basis of watts per mean spherical candle power. Polar curves of 
two of the lamps which- differed most in their light distribution are 
given in Fig. 20. 

The ordinary life test was run at the rated voltage on a regulated 
circuit, and candle power measurements were made at frequent 
intervals. Three typical curves are given on the left-hand side of 
Fig. 18. In these curves the percentage drop from the maximum value 
of the candle power for each lamp has been plotted against the 
number of hours run at normal pressure ; this was done in preference 
to plotting actual values of candle power, in order that it might be 
easier to draw a comparison between any two lamps. 

The results of candle power measurements on the three lamps 
which matched those which are shown on the left-hand side are plotted 
on the right-hand side of Fig. 18, and are typical of the performance 
of lamps under these conditions. 

The curves at normal voltage agree, of course, in showing that in a 
general way the higher efficiency lamp has a more rapid fall in candle 
power on life test than one of lower efficiency. Slight individual 
variations, however, may render a comparison between any two lamps 
somewhat misleading. In order, therefore, that such variations may 
not lead to inaccurate conclusions, curves were drawn (see Fig. 19) 
for each make of lamp, connecting percentage drop in candle power 
after a given number of hours with the watts per candle at the 
beginning of the life of the lamps in that make. Each lamp in one 
make, subjected to the ordinary life test, will thus be represented by a 
dot on one curve and lamps of the same make overrun by dots on 
another curve ; the lamps run at normal voltage are shown on the left 
side of the sheet. The r,ooo-hour value for each lamp has been taken 
as a convenient basis for comparison, the watts per M.S.C.P. at the 
beginning of life being plotted as abscissa, against the percentage drop 
after 1,000 hours as ordinates. 

The curves on the right side for the overrun lamps have been 
deduced in a similar way, the percentage candle-power drop after 
one hour being plotted as ordinates. One hour was chosen in order 
that in the case of one set of lamps (No. 3) the percentage drop may be 
the same as for the 1,000-hour point on normal run. 

И, from the point of view of candle-power drop, the overrunning 
test is to be taken as a guide to the performance of a lamp under 
normal conditions, some definite relations must exist, in the case of 
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Extreme Differences in the Ratios of Mean Spherical to 


ower. 


p 


Mean Horizontal Candle 


Fic. 20.—Candle Power Distribution Curves for Looped Filaments, showin 
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lamps by different makers, between those run on life test at normal 
pressure and those which are overrun. For instance, it will be seen 
that іп make No. 3 (Fig. 19) a 45 watt per M.S.C.P. lamp gives а 24 per 
cent. candle-power drop, either when run for 1,000 hours at roo volts 
or for one hour at 140 volts. The other lamps would, therefore, be 
expected to show a similar equality in this respect. "This, however, is 
no the case, as may be seen from the following table, in which 
percentages are obtained from the curves :— 


TABLE VII. 


COLUMN 1. COLUMN 2. COLUMN 3. COLUMN 4. 


Initial Watts Percentage Drop in C.P. | Percentage Drop in C.P. 
t MSC.P Make of Lamp. on Life at Normal Volts | on Life at 40 per Cent. In- 
= at 1,000 Hours. creased Volts after т Hour. 


No Per Cent. Per Cent. 

I 22 20 

50 | 2 13 ІІ 

3 12 16 

| | І 33 29 
45 2 21 13 

| 3 24 24 
I 44 38 

40 | 2 29 16 

| 3 36 32 


From these figures it may be seen that not only does the fall of 
candle power in the two tests disagree in different types of lamps, but 
that the slope of the curves is different for the same make of lamp, so 
that equality in candle-power drop in the case of a low-efficiency lamp 
may be consistent with a difference of до per cent. for one of higher 
efhciency. Hence, from the point of view of maintenance of candle 
power, a 40 per cent. overrunning test on a lamp cannot be regarded 
as a certain guide to its behaviour at normal voltage. 

This conclusion only applies to such an excessive overrunning as 
40 per cent. in volts, corresponding to about 1:3 watts per candle. 

It isquite possible that a life test at 2:5 watts per candle would give 
results so nearly consistent that all life tests could be run at this figure, 
enabling the length of the test to be curtailed from 400 hours to about 
120 hours. It is hoped that a series of tests may be undertaken in the 
near future to prove whether this is possible—and what agreement may 
be expected between different makes of lamps in this respect. 


MEASUREMENT OF MEAN SPHERICAL CANDLE POWER. 


For the measurement of mean spherical candle power in the tests 
described on page 301, there was no apparatus at the Laboratory for 
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taking spherical candle-power observations in one reading, and it was 
at first found necessary to use a point by point method. The lamp is 
supposed fixed at the centre of a sphere, and the surface of the latter is 
divided up into zones by eighteen equidistant parallel planes at right 
angles to the vertical axis of the lamp. "These planes will form parallels 
of latitude on the surface of the sphere. Eighteen candle-power obser- 
vations were made at intervals of 20? round each of these circles, com- 
prising in all 324 readings for each lamp. If the average for each zone 
is plotted in a polar diagram the mean candle-power distribution curve 
for each lamp is obtained. The usual Rousseau diagram is then plotted 
and the ratio of the mean spherical to the mean horizontal candle 
power deduced. 

The laborious nature of the candle power measurements in these 
tests led the author to try the accuracy, by actual measurement, of a 
method for determining mean spherical candle power originated by 
Mr. Alex. Russell,* who was the first to point out that by selecting the 
correct angles in the vertical plane, the accuracy of the result would 
not be appreciably diminished if the sphere be considered divided up 
into considerably fewer than eighteen zones, thus greatly reducing the 
number of observations necessary. 

The table given below shows the mean spherical candle power of 
two glow lamps, obtained by taking readings at 2, 4, 6, 8, 10, and 
20 angles respectively, from which it will be seen that the error intro- 
duced in these cases by taking 4 instead of 20 readings is only 2 per 
cent., and by taking 6 instead of 20 is only 1 per cent. 


TABLE VIII. 


Mean of Readings at Given 


Angles of Depression and Elevation from Horizontal Angles (М.5.С.Р.). 

in Degrees at which Candle-Power Readings a 

were taken. 
Lamp 1. | Lamp 2. 
| | 

20, “е aes cite he кы sis 128 149 
145, 48% ees eee eee ese eee 1272; 14746 
9:6, зо, 564... xs vis a sii 1271, 143 
72,22,307,01 . 5. iua Pus ‘eis I2'I 14216 
577» 175, 30, 44°4, 042  ... 1270; 143 
29, 80, ің 5» 20° 5, 267, 33 4 407 > 48 6, 

582, 718... T I2'I 141; 


= ———_—————_- . — ne + = — M —— — — 


The above test could have been shortened without appreciably 
affecting its accuracy by rotating the lamp and measuring what may 
be called the conical candle power of the lamp in various directions. 


* “Mean Horizontal and Mean Spherical Candle Power," Fournal Institution o 
Electrical Engineers, vol. 32, 1903, p. 631. 
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We may define the mean “ conical" candle power at an angle 0, as the 
mean candle power in a direction making an angle 9, with the equa- 
torial plane of the lamp. И readings had been taken at angles of 9:65, 
30°, 564? above and below the equatorial plane of the lamp, the mean 
of the six readings would have given the M.S.C.P. with an inaccuracy 
of about т per cent. This is the principle used in the Russell-Leonard 
integrating photometer.” Мг. L. W. Wild { has made the ingenious 
suggestion of measuring the candle power in directions in the vertical 
plane, making equal angles with one another and multiplying the 
candle power in the various directions by certain factors before taking 
the mean value. This method, however, like the Rousseau method, 
entails spending an equal time in taking measurements near the pole 
and near the equator. The Russell method of increasing the number 
of readings as the equatorial zone is approached is preferable from the 
theoretical point of view, and the arithmetic is simpler. It should be 
noted, when employing this methcd, that in taking six readings at 
the angles indicated, no light is considered lost through the presence 
of the lamp socket, which actually cuts off a certain amount of light. 
The method assumes tbat the distribution curve is the same at the 
socket end as at the tip end of the lamp. If the mean spherical candle 
power of the lamp as a whole is required, the ratio by this method will 
be slightly high. If, however, it is desired to obtain a measure of the 
intrinsic brightness of the filament the Russell method will give more 
accurate results. 


VOLTAGE REGULATOR. 


А voltage regulator for life tests has been in use for the last 
three years at the National Physical Laboratory. It was devised by 
Mr. Rayner and the author for automatically varying a resistance 
in series with the field circuit of the alternator which supplies current 
to the life test lamps. It is not suggested that the regulator will work 
continuously without attention or that it is in a form in which it 
could be used in an engine-room ; as a piece of laboratory apparatus, 
however, it works satisfactorily and adjusts alternating-current voltage 
automatically to within the limits of + or — one half of т per cent. 

A photograph of the arrangement is shown in Fig. 21. It consists 
in the main of three parts :— 

(1) A primary alternating-current relay (shown at the back of the 
figure) actuated by means of Leclanché cells 

(2) a second relay (shown on the left). This starts— 

(3) a small motor either forwards or backwards which drives a 
drum of resistance wire, rotating under a sliding contact brush. Тһе 
automatic adjustment of this resistance, which is in series with the 
generator field, raises or lowers the voltage so as to keep it constant. 

* А. Blondel, “ Mesophotometers and Lumenmeters" (Société Internationale des 
Electriciens, Bull. 4, 1904, p. 659 ; Science Abstracts, vol. 8 B, p. 223). 

f Electrician, vol. 55, 1905, p. 936. 
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It has a long arm attached to it, and if the torsion on 


PATERSON : 
The first relay is built up in the same way as a Siemens dynamo- 


meter, with two coils at right angles to each other. These are connected 
in series with a resistance and put across the alternating-current voltage 


which is to be regulated. 
The movable coil is suspended by a silk fibre and controlled by a 


coiled spring. 
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The device was therefore resorted to of 


Fic. 23.— Voltage Charts on Regulated and Unregulated Circuits. 
The arrangement was found very unsensitive and unreliable in its 
working when the pressure between the arm and stops alone was used 


the spring is correctly adjusted this arm floats midway between two 
stops when the voltage is normal. If the voltage is too high or too low, 
for making contact. 


contact is made on one side or the other, and current passes from the 


Leclanché cells to actuate the second relay. 
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long, fine steel-wire rocker, actuated by the arm, and dipping either side 
into mercury cups according as the voltage was above or below normal 
(see Fig. 22). This improved the sensitiveness of the apparatus, but 
due to the reluctance of the steel rocker to leave the mercury the 
arrangement still had a tendency to “hunt.” This was due to the fact 
that the main voltage on the relay had to be raised or lowered by the 
small amount necessary to produce, at the end of the arm, sufficient 
force to pull the rocker out of the mercury. As soon as it left the 
mercury it of course rocked over to the other side, and the same 
process was repeated. 

Thetrouble has been remedied by permanently magnetising the steel- 
wire rocker. Тһе current from the Leclanché cells which actuates 
the second relay is then made to pass round one or other of the 
two soft iron rings shown at the top of the mercury cups. Аз these 
are wound with a number of turns of fine wire, a field is produced as 
soon as contact is made, which repels the rocker with a force equal to 
the “stiction” of the mercury. The rocker, therefore, both touches 
and leaves the mercury without the necessity of applying any extra 
force at the point of contact. 

The second relay, being actuated by direct current, did not offer 
any real difficulties. It consists of a horizontal moving coil which 
rocks over one side or the other, making contact between four mercury 
pools, and driving the motor either forwards or backwards. The circuit 
is broken under oil, which covers the surface of the mercury. 

A set of volt records, three with the regulator working, and one 
without it, is shown in Fig. 23. 


E * ж ж * 


In conclusion, the author wishes to emphasise the importance both 
of accurate photometry and accurate electrical adjustments in con- 
nection with the rating and testing of glow lamps. The specification 
recently issued by the Engineering Standards Committee provides a 
sound basis upon which glow lamps may be bought and tested, but it 
is essential, in view of the sensitiveness of the glow lamp to small 
changes in pressure, that all measurements under it shall be conducted 
with a maximum degree of accuracy. 

The waste of money per annum in this country due to using unsuit- 
able lamps must be very great, and the only way to stop the waste is 
to encourage those manufacturers who rate their lamps properly and 
who give an effective guarantee of their quality. It should further be 
noted that, in order to obtain all the advantages accruing from the 
accurate rating of glow lamps, it is essential that supply engineers 
should regulate * the voltage at the consumers' terminals within the 
narrowest possible limits. 

In connection with these tests the author desires specially to 
acknowledge the obligation he is under to Dr. Glazebrook, Director 


* Sir William Preece, Report of British Association, 1906. 
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of the National Physical Laboratory and Chairman of the Sub-Com- 
mittee on Physical Standards which has been engaged in the work of 
drawing up the Glow Lamp Specification. He also wishes to thank 
Mr. Rayner for his ready assistance and advice, and to acknowledge his 
indebtedness to Mr. Selby and other members of the Laboratory staff 
for their counsel and help. 


DISCUSSION. 


Dr. J. A. FLEMING: The paper presented to us is undoubtedly 
one of great value, containing as it does a large store of information 
on incandescent lamps and standards of light gathered as a result 
of most careful work. In fact, one may say that nowhere except at 
a National Physical Laboratory could such work have been done. 
In a teaching laboratory like my own, where any research work 
has to be conducted intermittently, it is impossible to give the 
time and exclusive use of appliances required for this class of work. 
Hence I am much interested in noting the results obtained in con- 
nection with matters to which I have myself given considerable 
attention. 

In the first place the author has made a very thorough examination 
of the difficulties and peculiarities of existing flame standards of light, 
and he piles proof upon proof confirming the statements I made in my 
рарег* four years ago аз to the great effect of moisture, vitiated atmo- 
sphere, and mode of usage on the light emitted by the pentane and 
amyl acetate and other flames, giving numerical data and correcting 
formulz more complete than those I was able to furnish. 

We then sec that, if these corrections are not applied and if these 
flame standards are taken haphazard on any day of the year, the 
illuminating power may be uncertain to the extent of то per cent., and 
the observer may be reckoning as ro candles that which is really only 
9, and that, apart from a careful use of the barometer, hygrometer, and 
sufficicnt ventilation even a pentane standard may mislead you as to 
light as much or even more than an ordinary common commercial 
ammeter may mislead you as to current. Even when the atmospheric 
condition is carefully noted and corrections are applied, I find there 
remains a difficulty with regard to the exact position of the top of the 
flame. When you look at a pentane flame through the little mica 
window in the chimney, you sec that it is not sharp and square at the 
top, but ends in little tongues of flame continually dancing up and 
down, and, apart from great experience and constant attention, one 
cannot adjust it to the right height ; and although this part of the flame 
does not send out light to the photometer, it influences that which does, 
and affects the light of the lamp. 

It was in the attempt to overcome these difficulties that I was led to 
propose the use of the large bulb incandescent lamp standards which 


* Fournal Institution of Electrical Engineers, vol. 32, 1903, p. 119. 
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Mr. Paterson has also carefully examined. Іп the first place let me say Dr. Fleming. 
that I still maintain (in spite of some contradiction) my opinion as to 
the value of the large glass bulb, which I believe I was the first to 
suggest. The loss in light of an incandescent lamp with age is very. 
nearly all due to the obscuration of the glass, and it stands to reason 
that the larger the glass surface and the farther it is from the filament, 
the less will be that obscuration for a given use. In the next place I 
believe that in the large bulb carbon filament lamp (provided it is 
properly made and aged to begin with) we have a far more perfect 
means of preserving a standard of light than any flame standard yet 
made. We have no corrections to apply for atmospheric conditions; all 
we have to do is to pass through the lamp a known measured current. 
I am glad to see that Mr. Paterson uses invariably soldered leads to 
these lamps, as the use of caps, though convenient, may lead to errors ; 
but with soldered leads, a potentiometer to measure the current, and 
the double weighing method of photometry suggested by me four years 
ago, very consistent results can be obtained. Тһе manufacturing 
difficulty is that of securing uniformity in the structure of the carbon 
flaments used for making the lamps. Тһе result I aimed at was to 
secure that after the first small rise of candle power the emission of 
light for a constant current should be as nearly as possible constant for 
several hundred hours. The slight initial rise in candle power is due 
to a slow annealing of the carbon by which its resistance is reduced so 
that it takes more current at constant volts, and therefore gives more 
light. If you look at the life curves the author has given for the six 
Fleming-Ediswan standards, you will see that lamp No. r5 almost 
perfectly fulfils my ideal. There is a small initial rise in candle power, 
of not more than 1 per cent, then a constant period for nearly 
300 hours, and then a slight falling off in candle power, current being 
meanwhile practically constant. Lamp No. 9 exhibits very nearly 
the same performance, but the initial rise and final fall in candle power 
are a little more pronounced, being 2 and 3 per cent. In lamps 
Nos. 10 and 14 the practically constant period seems limited to about 
оо hours, and for some reason or another the period of rise of candle 
power amounting to merely 3 per cent. has been prolonged from 
something about тоо to more nearly about зоо hours. Lamps Nos. 8 
and тг are certainly abnormal. In lamp No. 11 the constant period 
has ncver been reached at all, and during the whole 600 hours the 
candle power is continually rising. Тһе total increase in 500 hours 
amounted to about то рег cent. in lamp No. 11 and 6 per cent. in the 
case of lamp No. 8. In any less careful hands than Mr. Paterson's I 
should have been inclined to doubt the results, but in view of his 
experience I can only assume that in these two lamps less care has 
been taken in the preparation of the filaments than ought to have been 
the case. 

In my paper on Photometry I specified that the filaments should be 
run in ordinary bulbs for about 50 hours at 5 per cent. above their 
marked voltage, and then those which showed no defects should be 
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cut out and remounted in the large clear bulbs. It may perhaps 
be best to specify this preliminary ageing not by a fixed number of 
bours of running, but up to such a time that the candle power shows 
no signs of increasing. If a certificate to this effect were furnished 
with each lamp by the manufacturer, it would be a guarantee against 
the sending out of lamps as photometric standards which have not 
received sufficient preliminary ageing. 

I find by inquiry that the large bulb Fleming-Ediswan lamps which 
Mr. Paterson has tested were run at the factory for 5o hours as 
specified by me before sending them to him. It is evident, however, 
that it is not sufficient to specify a hard and fast number of hours for 
the ageing of a photometric standard lamp. І am inclined to think it 
should be run for at least 100 hours, and photometric measurements 
taken for 24 hours. If, then, four such observations should show that 
the initial rise in candle power has clearly ceased, the lamp might be 
sent out with the manufacturer's certificate to this effect, a photometric 
certificate being then obtained from some standardising laboratory. 
If, however, the result, say of 4 days’ running, is to show that the 
candle power is continually increasing, then it should not be sent out, 
or if it is sent out, the fact should be stated. 

Nevertheless, even taking the very worst case, it is easy to see that 
a lamp of this kind once certified in some way as to its actual candle 
power affords a far better means of conveying to another place or 
reproducing a known candle power than by the employment of a flame 
standard. If such a photometric standard is used simply to set the 
photometer in the way I have specified, such setting occupying ten 
minutes or so, we can use it 500 or боо times before its total time of 
burning will have added up to тоо hours. Taking, then, the worst lamp 
of the batch tested by Mr. Paterson, viz., the Fleming-Ediswan 
standard lamp No. 11, its change in candle power in the neighbour- 
hood of 13 candles is about $ of a candle power per тоо hours, in other 
words, 2 per cent. Hence the user of such a lamp could employ it at 
least a couple of hundred times as a standard before its actual value 
altered т per cent. On the other hand, for the best lamp, No. r5, 
it could be employed r,ooo or r,500 times before the candle power 
altered by much less than т per cent, apart altogether from any 
personal errors in the process of making the measurements. I should, 
however, incidentally like to ask the question how the candle powers 
of these large bulb lamps were determined during the progress of their 
lite? Were they measured against a pentane standard, or were they 
measured against other large bulb standards which were used only 
occasionally ? | | 

Іп the next place I should like to refer to the question of the ratio 
between the Hefner unit and the pentane unit. Mr. Paterson gives 
this ratio as o'gr4, in other words, Н.О. 20:914 Р.О. In order to 
determine this ratio for ourselves, in July last Mr. Clinton kindly took 
three of our large bulb Pender laboratory standards to Berlin and had 
them tested at the Reichsanstalt at 95:9 volts, corresponding to our 
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96 volts, to allow for the difference between the Berlin and British 
values of the Clark cell, and these three lamps were marked respec- 
tively P, Pe, and Р,, and were certified at Berlin as 15'1, 12:6, and 154 
Hefner units. The same lamps were sent ten days later to Mr. 
Paterson, who kindly measured them at the National Physical Labora- 
tory at 96 volts, and they were certified respectively as 13'41, 11712, 
and 14:07 P.U. or candle power. These three measurements, therefore, 
give the ratios respectively as 0°888, 0:882, and o'885. This ratio is 
about 3 per cent. less than о914. If we take the factor о'914 for 
converting Hefner to pentane units, then the Berlin measurements 
of these lamps are 3 per cent. greater than the N.P.L. measurements. 

Mr. Clinton measured these lamps a day or two ago against one of 
our standards P, which the N.P.L. had certified to be 12°28 Р.О. 
at 96 volts, and he found the three lamps P, Pe, Р, in terms of P, 
to have the values 13:64, 11:17, 14:28 candle power. 

Thus the ratios of the candle powers of these three lamps are found 
to be nearly the same in all three laboratories. I should, however, 
like to ask Mr. Paterson if he can throw any light on the reason for 
this large difference in the ratio H.U./P.U. found by him and by me. 

In regard to the absolute values of our standards, in 1896 we deter- 
mined the value of the large bulb lamp we called P, against pentane 
standards, but without moisture or barometric correction, and made it 
to be 12°75 candle power as mentioned in my Institution paper, 1902. 
In 1904 Mr. Paterson gave us the value of this lamp as 12:28 Р.О. 
According to the recent ratio measurements made of P, against P, Ps, 
and P,, combined with the absolute values given at Berlin for the 
three latter lamps, the value of P, should be 13:58 H.U., and with a 
converting factor of о'914 this gives 124 candle power, which differs 
less than г per cent. from the value 1273 assigned to it at the National 
Physical Laboratory. These differences, however, are photometric 
differences ; the values of the currents taken by lamps at the same 
voltage are in close agreement as measured at all three laboratories— 
Berlin, the National Physical, and my own. 

As regards the demand for a high-voltage photometric standard, 
Mr. Paterson's curves show that there is a much greater difficulty in 
meeting it. I must confess I cannot see why the low-voltage lamp 
cannot always be used. Any photometric testing worthy of the name 
must be done off secondary batteries and with potentiometer measure- 
ments, and there is no difficulty in employing a low-voltage lamp with 
a resistance in series provided we determine the candle power by the 
current and not by the volts. 

In conclusion, let me say time does not permit me to touch upon 
many other points of interest in Mr. Paterson's paper, but I think the 
information he has given us on standard lamps will be useful in assist- 
ing further efforts to produce a standard photometric glow lamp far 
more convenient for electric purposes than any flame standard. 

Mr. C. J. RoBERTSON : This paper is valuable as showing the great 
care and precautions necessary in making anything like a fair com- 
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parison between various batches of glow lamps. Тһе Engineering 
Standards Committee have just issued a standard specification for 
carbon glow lamps, which has been drawn up with the assistance and 
co-operation of the largest British lamp-makers, who were unanimous 
in their approval of such a specification. It should be of considerable 
value to the electrical profession as a basis of what can be guaranteed 
to their clients іп the future as to the performance of present-day 
carbon glow lamps, and it is hoped it will do something to keep out 
lamps of unknown origin, which manufacturers are very keen to see 
brought about. In this respect I think a very valuable suggestion 
was made in this room by Mr. Hirst, that in connection with this 
specification there should be some authorised form of “ hall-mark" 
which could be placed on lamps which actually comply with the 
specification. As to the flame standards which have been given in 
detail by the author, they show, I think, that none of them are really 
likely to be used by engineers in general for the testing of glow 
lamps, owing to the great reliability of the carbon glow lamp when 
properly standardised as recommended by Professor Fleming. He 
has shown that we have there a means of obtaining accuracy to within 
such a point that it is ridiculous to go further. Іп their general 
behaviour such high-voltage standards, as compared with low-voltage 
ones, give much the same results as do ordinary high-voltage lamps 
compared with low-voltage lamps. "The comparative life tests of big 
bulb glow lamps of high and low voltage would have the same ratio to 
one another as the life tests of similar filaments in smaller bulbs, but 
great allowance has to be made for the size of the bulb. Тһе figures 
given show the remarkably fine behaviour of filaments when put into 
extremely large bulbs, and are a lesson as to the great advantage that 
might accrue if all filaments could be put into larger bulbs than those 
which are generally іп use. Оп page 290 it is stated that “Тһе 
makers miss the incentive to improve the quality and uniformity of 
their goods." I think this is not the case, as there is, beyond a compe- 
tition in price, an ever-growing competition in quality, and this point 
is receiving far greater attention than was given to it in earlier years. 
As long as circuits are so very variable a standard specification will do 
no more than give us a theoretically better batch of lamps; for, after 
all, if a nominal 200-volt circuit is mostly run at 210 volts, it is the lamp- 
makers who first acquire this information and then have to supply a 
slightly higher voltage lamp to suit it, whereas a consumer on such a 
circuit would specify for 200-volt standard specification lamps and not 
get such good results as he previously obtained. This shows that, 
before the specification can be of general use, there must also be some 
standardisation of average and extreme voltage pressures, so that in 
any case the consumer will know whether a 400-hour lamp or an 
800-hour lamp is the most suitable for a given circuit. Fig. 14 
shows a diagram of what is typical of American lamps ; there is no 
doubt that, when the English makers have the same conditions of 
approximate equal voltage grading, they can show the same results, 
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but at present we have not those conditions. "There is no difficulty in 
reproducing daily such lamps here now, but owing to the restricted field 
for certain outside voltages in England as compared with America, 
and as was very well illustrated by Sir William Preece's diagram that 
has been shown to-night, this would entail an increased price. Table 
III. also shows considerable variation, some of the conditions which 
tend to these results being mentioned further on. The only relief 
for such a condition of things is, as I have said, to adopt the 
American conditions of voltage grading. If this is not possible, then a 
narrow specification similar to the American one will entail a higher 
price than is paid at present. We cannot get rid of lamps unless we 
have an approximately even grading of all the different voltages. From 
а lamp-maker’s point of view there ought to be as many voltages of 
one kind as there are of another, but at present they are so terribly 
uneven. There are large numbers of lamps being made of one par- 
ticular voltage, and the outfalls on either one side or the other are of 
no use whatsoever, there being no voltage near them. As to life 
testing at efficiencies different from the actual efficiency to which the 
lamp is being made, the Robertson Lamp Company have carried out a 
series of tests on this question, and have tried to cut down the period 
of running so that lamps are overrun bya certain per cent., but our 
results with various makes of lamp are the same as those mentioned 
by the author—there is no reliability in an overrunning test in 
comparison with normal running tests, and individual lamps give vary- 
ing results which are most peculiar. I agree with the author that, to 
compare the quality of different lamps, they must be run at the same 
ейсіепсу in watts per M.S.C.P., or if the factor from the mean hori- 
zontal is known, then in watts per M.H.C.P. The objections to com- 
parative tests at fixed voltage or fixed candle power are fully enumerated 
in the paper, but the purchaser will expect to get lamps suitable for 
the nominal voltage of his current, and will naturally want to know 
their life behaviour at that nominal voltage. With time and greater 
attention to voltage regulation it may be possible to restrict even 
further the limitations of this specification. 

I think that the ultimate possibilities of carbon filaments have by 
no means been exhausted, and that there is a great field for the 
improvement of the carbon lamp in the future, for one has only to 
remember that the volatilising point of carbon is twice as high as that 
of the newer metals being tried, and also that its specific resistance is 
much higher, and is, to a certain extent, controllable between the non- 
conductive lampblack stage and the highly conductive graphitic stage, 
and thence onward to a second non-conductive stage as we approach 
nearer the state of the diamond. 

Мг. А. RussELL: I was particularly interested in the tests on 
the Carcel lamp described in the early part of the paper. Соп- 
sidering that the Carcel lamp was invented in 1800, that is, eight 
years before Murdoch’s tallow candle, I was surprised to find what an 
admirable unit itis. It 15 satisfactory to note that the intensity of the 
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light emitted horizontally by this lamp is practically identical with that 
given out by the modern то-с.р. Harcourt pentane standard. It makes 
it easy to interpret the results obtained by Fresnel, Dumas, Regnault, 
and other French physicists. It is interesting for us to remember that 
Fresnel was also an engineer. The author points out the importance 
of measuring the M.S.C.P. of glow lamps. It has now been admitted 
for many years that the method of measuring the efficiency of glow 
lamps in terms of the M.H.C.P. per watt is unscientific and inequitable. 
What we want is the M.S.C.P. per watt. This can be easily done by 
an integrating photometer or а lumenmeter. If no appliance of this 
nature is available, then the lamp has to be rotated and about ten 
measurements* taken at given angles. This, however, takes time. 
Dr. Fleming suggested in a paper + read to the Physical Society about 
two years ago that it would be possible to calculate the ratio of the 
M.S.C.P. to the M.H.C.P. with sufficient accuracy for practical pur- 
poses, and so the M.S.C.P. could be found from the M.H.C.P. at once 
by multiplying by this ratio, which is called the reduction factor. Ап 
inspection of the author's diagrams of candle power distribution 
curves (Fig. 20) has suggested to me a method of computing the 
reduction factor of carbon glow lamps from two measurements only, 
namely, the M.H.C.P. (Ін) and the vertical c.p. (Iv). 

Let us suppose that S is the source of light and that a vertical section 
of the c.p. surface consists of the semicircle SL A, and the arc of 
a circle A E B and the symmetrical curves on the other side of the 
vertical. The equation to A E B is— 


R = 7со$ 0 + авіп0, 
where ЗА =r, SB =a, and 0 is the angle which the radius vector 


makes with SA. Тһе upper hemispherical c.p. (Is) will be given by— 


; I 2% ('v]2 . 
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Hence— 


and thus the reduction factor for the upper hemispherical c.p. is 
z[4 + (1/4) (Iv/In). It is shown in my paper that the reduction factor 
for the lower hemispherical с.р. is 7/4, and thus the required reduction 
factor for SL A E B is— 


iur 


* A. Russell, Fournal of the Institution of Electrical Engineers, vol. 32, 1903, p. 635. 
+ Phil. Mag., vol. то, 1905, p. 208. 
1 This is an easy extension of the formula I gave in the Fournal, vol. 32, p. 641. 
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that is— 
0'785 + 0'125 (Iv/In) approximately. 


It is to be noticed that in the above proof no assumption has been 
made as to the distribution of the flux of light in the horizontal plane. 
The hypothetical c.p. surface has the same equatorial curve and the 
same poles as the actual c.p. surface. Now there is obviously ап 
infinite number of surfaces that will satisfy these conditions, but if we 
make the limitation that they are not to be very different from the 
curves shown by Mr. Paterson in Fig. 20 we may use the approximate 
formulae we have obtained, as ап appreciable variation in the shape of 
the surfaces does not much alter the reduction factor. For instance 
the equation to the curve BD A is— 


R = гсо$ 0 + а (т — cos), 


and hence by the method given above we find that the reduction factor 
equals— 
07785 + (1/2 — я/8) (1c Tu), 


0'785 + 0'107 (Iv/Iu). 


that is— 


The large alteration in the shape of the upper c.p. surface has thus 
diminished the reduction factor by only about 1 per cent. If the upper 
part of the vertical c.p. curve had been the circle AF the reduction 
factor would have been (1 + 7/4)/2, that is, o°89 nearly. If it had been 
the two semicircles of which опе is ACS it would have been 079. In 
practical work, therefore, we may use the formula— 


0785 + o' 11 (Iv/In), 


with considerable confidence that the maximum inaccuracy of the 
results is only about 1 or 2 per cent. 

I should like to point out that appreciable errors sometimes arise in 
practice owing to the assumption that the law of inverse squares, 
obtained on the assumption of a spherical source of light, can be used 
when carbon filaments of appreciable length enclosed in glass bulbs are 
being compared. І have previously shown that the horizontal intensity 
of the illumination at a given distance round a glow lamp varies іп 
an extraordinary manner, owing mainly to the reflections of the light 
from the bulb. The shapes of the curves of horizontal c.p. obtained at 
different distances are different, and so in certain cases it is not safe 
to assume that the law according to which the intensity of the 
illumination varies is that of the inverse square. 

Mr. LANCELoT W. WILD: With regard to the pentane lamp, the 
author has determined the effect of humidity, the barometric pressure, 
and CO, and he has now promised an inquiry into the effect of а 
variation іп the amount of oxygen. I would also suggest one other 
subject which certainly requires investigation, and that is the effect of 
the dimensions of the photometer room, more especially the height, as I 
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am rather inclined to think that the height has a considerable effect 
upon the chimney draught. In comparing some tests which I carried 
out with considerable care, and which were checked in the National 
Physical Laboratory, I found that a particular pentane lamp when 
tested in the Westminster Electrical Testing Laboratory, all allowance 
being made for humidity and barometric pressure, gave 43 per cent. 
less candle power than it did at Teddington. I put this down to 
the fact that my photometer room was less lofty, or else that 
there was less oxygen in the air at Westminster than in Bushy 
Park. With regard to the question of incandescent lamps for use as 
standards, I see that the author has obtained very good results with 
Dr. Fleming's low-voltage incandescent lamp, but when he tried high- 
voltage lamps of various makers the results were not so satisfactory. 
The demand at present is for high-voltage lamps, and this demand 
will have to be satisfied. As I have supplied various lamp-makers and 
central-station engineers with a considerable number of high-voltage 
standard lamps, I thought it was incumbent upon me to make a test of 
them. So I took six of these high-voltage lamps of various voltages 
up to 250; I took them at random out of stock after they had been 
aged ; they were all of about 16 candle power, and about 4} watts per 
candle. I ran those lamps at a steady voltage for roo hours, and 
tested them at intervals of about 16 hours. Тһе greatest variation 
found in those six lamps from their original candle power was ог of a 
candle power, or about o'6 рег cent., and four of the lamps did not 
vary more than about half this amount. With regard to the question 
of the rating of incandescent lamps, I would rate the lamps by 
their maximum horizontal candle power rather than by their mean 
horizontal candle power. Тһе reduction factor for obtaining the 
mean spherical candle power from the mean horizontal varies with 
different shapes of filament from about o'8 to o'g, whereas іп all the 
lamps I have tested I have found this reduction factor of the maximum 
horizontal candle power to vary only from about о`805 to 0:825. That 
is obtained on about ninety lamps of many different makes taken at 
random. I should like to ask this question: Why should we not, 
when we are testing samples only and not testing every lamp, test the 
mean spherical candle power straight away? If we rotate the lamp 
with an electric motor, and have an arrangement for tilting it at the 
same time, we can get the mean spherical candle power in five or six 
measurements, and this is the only real measure of the total light of 
the lamp. Turning now to the question of life tests, I fail to see the 
utility of measuring the useful life of a lamp and saying it is no use 
after it has gone down бо per cent. of its original candle power. Taking 
the average life curve, I find that г per cent. of error in the last 
measurement would produce about ro per cent. of error in the apparent 
useful life of the lamp, and I think this is rather large. I do not think 
there are very many photometrists who can measure ordinary com- 
mercial lamps and guarantee their measurements nearer than 1 per 
cent. every time. I would much rather carry out the life test for a 
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standard time, say 500 hours, and measure the candle-power watts, etc., 
at regular intervals and take the average throughout the run. With 
regard to this question of starting the test at the standard efficiency 
instead of the marked voltage, if the test is carried out in the way 
I suggest, the lamp which starts at a little over the standard efficiency 
comes out very much the same as a lamp which starts a little under the 
standard efficiency, provided one keeps within reasonable limits. It 
seems hardly necessary, therefore, to carry out the tests on the standard 
eficiency instead of the marked voltage. In the standard specification, 
twenty lamps are picked out for the rating test, and five of these for 
life test, so that it ought to be a fairly easy matter to get out of those 
twenty lamps five that are not very far from standard efficiency. 
There is another point as regards these life tests, namely, that the 
reduction factor varying from o'8 to од, if we measure the mean 
horizontal candle power and rate the lamp by that, it is not fair to the 
lamp which has a reduction factor of о9 to be tested on the same 
basis as that which has a reduction factor of 0:8. As a matter of fact, 
when one comes to work this thing out one finds the lamp with the 
flament wound to give a reduction factor of од will have but зо per 
cent. of the useful life of the other. That is to say, if we take two 
lamps of exactly the same quality of filament but bent into a different 
shape, the one having a reduction factor of 0:8 and the other of о'о, and 
test the mean spherical candle power, the useful life comes out exactly 
the same for both lamps; but if the mean horizontal candle power Бе 
tested, it will be found that the one has three times the life of the other, 
owing to the difference in their true efficiencies. This is worked out 
from the curve in Fig. 17 of the paper. With regard to the calcula- 
tion of mean spherical candle power, the author has referred to 
three methods of integrating the candle-power curve—the Rousseau 
method, that of Mr. Russell, and one which he credits to me, though 
| was not the originator of it. I have used all three methods re- 
peatedly, and if the mean spherical candle power only is required, 
l should not have much hesitation in preferring the Russell method. 
But it frequently happens that we not only want to know that, but we 
want to know something about the distribution of the light, and then 
itis much more convenient to make the tests at regular stated intervals, 
Such as every 15°. Mr. Paterson states that this greatly increases the 
amount of work to be done in carrying out the test. This is not really 
the case. The increase is not nearly so great as one would at first 
Suppose, Of course, if one takes twenty measurements round the 
circumference of the lamp to get the mean horizontal candle power, 
When one comes to 60? below the horizontal only half the accuracy is 
required, and we need only take ten measurements, and when one 
comes to go? from the horizontal we do not need any measurements at 
all; one generally takes one measurement, however, for form's sake. 
Mr. HAYDN T. HARRISON : I think we ought to be very grateful for 
this paper, not only because it is exceedingly interesting, but because 
it is another step in the direction of doing away with flame standards 
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for general photometric work. I have had a good deal to do with 
flame standards, and I do not want to have much more to do with 
them. In this paper the author deals at length with the troubles 
of working with these standards, by which one is led to only one 
conclusion, namely, that they can only be used by an exceptionally 
experienced person who has everything at his fingers’ ends which 15 
necessary to keep them in the right condition. In fact, it comes to 
this, that one can hardly breathe in the room, or the flame will vary 
in some way or the other. I think Mr. Swinburne’s paper last week 
gave us a little more hope, because the fact that a metal can be used 
for the filament of a lamp will probably result in a standard of light 
which can be defined and worked to under ordinary conditions. For 
instance, with regard to tantalum, we know now that German chemists 
have been able to prove that it is a ductile metal; that is to say, it is 
possible to draw a wire of a given length, a given section, and a given 
resistance, which, when heated in a vacuum by a given current, will 
give definite candle power. Therefore the probability is that in a short 
time we shall be able to define a standard of light which is produced 
by passing a given current through a specific metal of a given length 
and sectional area. If that is so, not only will it save a lot of trouble 
to the national laboratories who have to do all this work, which is very 
trying, but it will make it more international in every way. The next 
part of the paper which interested me very much was Mr. Paterson's 
reference to tests by means of overrunning lamps, commonly called 
the Preece test; that is to say, when it has to be decided as to 
which type of lamp in a large batch is the best, and there is no 
time to go through the ordinary life tests, by overrunning them for an 
hour at 4o per cent. higher pressure one gets a criterion of what 
those lamps are likely to do. It is very interesting to note in Table 
VII. that, whether these lamps had been run through their long-life 
test taking three weeks, or only a test of one hour, the same con- 
clusion would have been arrived at, namely, that lamp No. 2 was the 
best lamp. This shows that the test, though not scientifically accurate, 
has a commercial value. 


DISCUSSION AT MEETING OF FEBRUARY 7, 1907. 


Professor W. E. AYRTON: Mr. Paterson has given us a very inte- 
resting paper from many points of view. It contains a great number 
of apparently carefully conducted experiments, and the conclusions 
arc of importance to many of us. One might, however, feel inclined 
to suggest that a little more time might have been given by the 
author to a consideration of what his predecessors had done on 
the same subject, and also that the reflection that he has been able 
to bestow on the results does not equal the exertion and energy 
that he has devoted to carrying out the tests. For example, like 
many other users of glow lamps, I must take exception to a state- 
ment which occurs at the beginning of the part headed “Life Test" 
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on page 294 : “ Or, in other words, the number of useful candle-hours 
obtained from a lamp is the chief point about which information is 
required when buying lamps." It strikes me that is rather like saying 
that, in buying ordinary candles, the time that they take to burn down 
tothe candlestick is the most important thing to the purchaser, and 
that the price of paraffin wax, and whether there are eight or twelve 
candles to the 1b., is of no importance. What it is necessary to know 
in estimating the relative value of types of glow lamps is the useful life, 
which you find in the usual way, plus the amount of energy that the 
lamp consumes during that period. It is quite conceivable that it 
might Бе worth the consumer's while to change a lamp every night, 
and indeed generally with glow lamps the first cost of the lamps and 
that of carbon lamp renewals is quite unimportant compared with the 
cost of the energy. Energy is the important thing to consider. Even 
taking а 16-c.p. lamp under present conditions, say, costing rs., if the 
useful life could be enlarged from 500 hours to 1,000 hours there 
would obviously be a saving of 6d.; but if by so doing the power were 
increased by 4 watt per candle—that is, 8 watts for the lamp—then at 
3d. a unit 2s. more would be spent ; 6d. would be saved and 2s. wasted. 
Itisan obvious truism that one cannot neglect the watts per candle 
taken during the useful life ; and the average watts cannot be got by 
merely taking what the author has called the extreme values which 
he gives in Table III. We must, as we all know, have the efficiency 
curves as well as the candle-power curves. While on the subject 
of candles, І notice that at the last meeting Dr. Fleming expressed 
astonishment that the comparison of the amyl-acetate standard with 
the pentane standard appeared to differ to-day from what it gave a 
few years ago. That was a subject to which a good deal of attention 
was devoted in the discussion on Dr. Fleming's paper four years 
ago. I find I have some tests which I made myself on the comparison 
between the amyl-acetate standard and the pentane standard twelve 
years аро--1805. Іп this case, however, it was a 1-candle pentane 
standard; and then the ratio of an amyl-acetate was 098 of a 
Harcourt 1 candle as given by the 1-candle pentane standard. I did 
not know at that time what I pointed out in the discussion to which 
l have just referred, that different Harcourt 1-candle pentane standards 
differed so much among one another. І had three standards, all 
supposed to give 1 candle, and I compared them, and found that you 
could get as much as 12:5 per cent. difference between them. The 
detailed results are described on page 202 of volume 32 of the 
Journal of the Institution. One would like to know in this com- 
parison which is given by Mr. Paterson on page 285 of his paper, 
showing the difference between the ro-candle pentane standard and 
the amyl-acetate standard, how the pentane standards at the various 
places mentioned, the National Physical Laboratory, the Reichsanstalt, 
the Laboratoire Centrale, and the Laboratoire d'Essais, had been 
compared with one another. No doubt either our President or Mr. 
Paterson will be able to tell us that. Has a pentane standard been 
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sent from one place to the other to enable a comparison to be 
made, or have the standard lamps been constructed in the various 
countries according to certain dimensional drawings which have been 
agreed on? Іп the case of the r-candle standard. many dimensions 
are given in Professor Harcourt's patent specification, but I found in 
the case I have referred to that the dimensions of the three lamps did 
not agree, and that по one of the three 1-candle standards in question 
had the dimensions detailed in the patent specification itself. Another 
point to consider is, How is the quality of the pentane defined? We 
know that every careful motorist takes a pocket hydrometer about with 
him to determine the specific gravity of his petrol. Does а carcful 
photometerist, or whatever he may be called, have a pocket hydromceter 
to determine the specific gravity of his pentane? Also, what is the 
standard specific gravity ? I presume that has been carefully defined. 
In 1895 the Board of Trade appointed a Committee to deal with the 
question of standards of light, and that Committee came to this conclu- 
sion: “ We therefore recommend that a pentane air flame, furnished 
with a Dibdin argand burner having the form and dimensions set forth 
in the appendix, section 9, and used in the manner there defined, be 
accepted as giving the light of ro standard candles, and that this flame 
be authorised and prescribed for official изе in testing the illuminating 
power of the gas supplied by the London Gas Companies." I thought 
it would be interesting to-day to compare with the Harcourt pentanc 
standard the Dibdin standard, of which I have one, and which was 
kindly tested by Mr. Dibdin himself, against the actual Dibdin 
standard examined by the Board of Trade, as mentioned in the 
discussion of Dr. Fleming's paper in 1903. Mr. Mather has just 
given me the result of the comparison between this Dibdin standard, 
which is а ro-candle standard, and the Harcourt 1io-candle standard, 
and there is a difference of 4 per cent. Taking the Harcourt as ro, the 
Dibdin is 1074. There is a difference of 4 per cent. at once between 
what the Board of Trade recommended and what is now stated as 
being the official standard, namely, the one which is in the custody of 
the National Physical Laboratory. If those sort of differences occur, 
it is quite easy to see that tests made at various times and in various 
countries of comparing the amyl-acetate, or Hefner, standard with the 
Harcourt 10-candle standard will give different results. 

Perhaps the most striking things in the paper are the curves shown 
on Fig. 16, giving the average of ten makes of 200-volt lamps. We 
see that only two of the makers whose lamps are given on the sheet 
have succeeded in turning out lamps which have a useful life of as 
much as 500 hours. That is rather the sort of experience that several 
of us have with the present 200-volt lamp. It is probably within the 
memory of many present that, in March, гдот, the Board of Trade held 
an inquiry to ascertain the conditions under which the electric supply 
companies in London should be allowed to change over from 100 volts 
as their declared pressure to 200 volts. That inquiry was held 
quite near here. Several of us had tested 200-volt lamps іп 19oo-t 
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(I amongst others), and had found them very inferior to the then 
100-volt lamps. Sir Alexander Kennedy, on the contrary, representing 
the Westminster Company, showed the two sets of curves in Fig. A., 
giving results of tests on four makes of 200-volt lamps. 

These curves for 200-volt lamps make your mouth water even to-day, 
after there have been six more years to improve the manufacture of 
200-volt lamps. Look at the straightness of the candle-power curves! 
For 1,100 hours there is hardly any falling off in candle power, 
especially in the case of the 8-c.p. lamps. They not only all give 
over 80 рег cent. of the initial candle power at the end of’ зоо hours, 
but the light hardly falls at all even in 1,100 hours. 

Taking the watts per candle, they are seen to rise from 3}, taking 
the A and В curves for example, to about 4 or 4:8 watts per candle. 
These tests bring us to the most painful conclusion that the 200-volt 
lamps, in spite of all the standardisation, have gone down in quality. 
Of course I realised then that during the next few years—that is, in the 
interim between 1901 and 1907— it was quite possible that the 200-volt 
lamp would become as good as the тоо-уой lamp then was. But, on 
the other hand, it seemed to me quite possible that it would not—that 
it would stay the sort of defective instrument that Mr. Paterson’s tests 
show it is to-day. So I laid great stress on my experience up to that 
time in giving my evidence before the Board of Trade Committee, and 
I urged very strongly on the London County Council, the body that I 
was then advising, not to consent to any change being allowed which 
did not take into account the possible continued inferiority of the 200- 
volt lamp compared with the 100 volt,and the loss to the householder 
that the use of the 200 volt might bring on him, quite apart from the 
cost of putting in new switches, new ceiling roses, and new fuses. In 
consultation with counsel I drafted a clause which all the electric supply 
companies that were represented at the conference agreed to, and 
which was embodied in the Board of Trade new Electric Light Regu- 
lations of that date, the most salient part of which is the following :— 


ELECTRIC LIGHTING REGULATIONS. 


The Board of Trade, after consideration of the representations 
made at the recent inquiry held at the Westminster Town Hall with 
respect to the regulations made by them under the Electric Lighting 
Acts for insuring a proper and sufficient supply of electrical energy, 
have decided to make further regulations in the following form, 
amending those previously made :— 


“ But where the consumer withholds his consent after the under- 
takers have offered to comply with the general terms and conditions. 
imposed by the Board of Trade (County Council, local authority), and 
if not required to do so under those terms and conditions, also to pay 
the reasonable cost of or incidental to the change (including compen- 
sution for any loss or damage incurred in consequence of the change), 
the undertakers may appeal to the Board of Trade, and that Board 
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may, if they think fit, give their consent to the change on such terms 
and conditions as they impose, and the consent of the Board so given 
shall for the purpose of this regulation have the same effect as the 
consent of the consumer." 
Made by the Board of Trade this day of j * 
Assistant Secretary, Board of Trade. 


Take the second paragraph only : “ Where the consumer withholds 
his consent after the undertakers have offered to comply with the 
general terms and conditions imposed by the Board of Trade, and 
if not required to do so under those terms and conditions, also to pay 
the reasonable cost of or incidental to the change." I laid great stress 
on putting in the words “ог incidental to the change, including com- 
pensation for any loss or damage incurred in consequence of the 
change.” That was published in a number of newspapers at the time, 
and it became a Board of Trade regulation ; but the public did not 
realise what vested interests that gave them, and they allowed it to 
glide away, Esau-like accepting a mess of pottage for their electric 
birthright. Remember, "incidental to the change" means that if 
your 200-volt glow lamp takes more energy per candle-hour than a 
I00-volt, then the electric light company which has required you to 
change over to the 200 volts pressure has to reimburse you for your 
loss. That was made quite clear at the time ; I am not reading it т 
now, because it clearly says, “ Also to pay the reasonable cost of or 
incidental to the change, including compensation for any loss or damage 
incurred in consequence of the change." 

In the following year I moved into a house which had not been 
previously electrically lighted. Luckily it was in a neighbourhood 
where the Metropolitan Electric Supply Company was supplying current 
on the 5-wire system, with 200 volts between the outers and 100 between 
either outer and the middle. They asked me which I would have, 
100 or 200, and I replied * Both.” So they gave me both. Hence it is 
no disadvantage to me to-day that I can only easily get metallic filament 
lamps taking 200 volts, and I can get all the advantage that is obtain- 
able from the roo-volt lamp still remaining a better article than the 
200-volt lamp. А point which was raised іп the discussion on Mr. 
Swinburne's paper was improvements in the filaments of lamps other 
than metallic filaments, and he advocated the use of carbide of silicon. 
Dr. Harker, I understand, showed an experiment tending to prove 
that carbide of silicon would fuse too easily to make a successful fila- 
ment for a glow lamp, because the silica was turned into vapour in an 
arc, But, as a matter of fact, carbide of silicon lamps have been made 
in large numbers, and with extremely good results; in fact, Dr. 
Harker's argument appcars to me to be fallacious. We have carbide 
of silicon, commercially called carborundum—it is quite a common 
thing—made at the Niagara Falls Carborundum Works, with the 
acs there each of 1,000 H.P., and because Dr. Harker's specimen 
would fuse in an arc, that is no reason why one should not make 
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Profesor а filament out of carborundum to glow at a much lower temperature 
Aymen: than that of the electric arc. 

I have placed on the accompanying diagram (Fig. B.) some results 
which I obtained іп 1806, eleven years ago. The dotted line repre- 
sents the candle power and the continuous line the watts per candle. If 
you take the second one you will see that the watts remain under 3 
the whole time, and that the candle power remains practically constant. 
I had a number of those lamps sent to me from Germany to test, and 
being rather sceptical that picked lamps were being submitted, I 
made a condition that no report, not even for private circulation, should 
be printed until the following conditions were carried out, namely, 
that a private assistant in whom I had absolute confidence should 
spend some weeks in Berlin studying the method of manufacture under 
Mr. Langhans’ supervision, bring back to London all the filaments that 
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he had constructed and flashed, mount them, and have the bulbs blown 
round them and exhausted there under my supervision, and that no 
lamp should be discarded from the tests—I mean that we should 
not merely record the results of the best of the lamps, but of the 
whole of them. Of course I have not drawn all the curves on the 
diagram hung up on the wall, but the curves give an idea of the sort of 
results that we obtained. They were tested on the mains of a certain 
direct-current supply company in London, and the pressure varied at 
times, as shown Бу the recording voltmeter, by as much as о per cent. 
above the declared value, and therefore 1o per cent. above what the 
filaments had been made for. А company was formed, called the Premier 
Lamp Company, with a factory near Liverpool. That this was really a 
compound of carbon and silicon was proved by Dr. Moody, the chief 
assistant of the Chemical Department of our College, who analysed 
the broken filaments at the end of the trial, and found that the 
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composition was as stated. Later on, in 1900, Dr. Moody himself 
brought me some other carbide of silicon filament lamps, and they 
were even better. Some of them gave a candle for 1°13 watts, which 
is as good as has been obtained with any metallic filament lamp. 
What is the objection to those lamps? I have been going into that 
question very fully during the last few days, and as far as I can find 
out the main objection is that there is a certain amount of difficulty in 
turning them out in large numbers of exactly the same quality. 
Filaments as good as are recorded on that diagram can be obtained, 
but one then gets a batch of filaments which are not nearly as good. In 
addition to that, in spite of what I said about the overrunning by ro per 
cent., they found in Liverpool that the filaments were not so good as 
ordinary filaments in connection with overrunning, so that they have 
not made the success that was expected. Experiments, however, I am 
told, are still being carried on with this method of making filaments, 
and therefore I hope that Mr. Swinburne's expectations will be realised, 
and that we shall later on have carbide of silicon filaments which 
will be quite as good, even better perhaps, than metallic filament 
lamps. 

The PRESIDENT: Before I call on the next speaker perhaps I may 
answer one question which Professor Ayrton has put. The funda- 
mental standard to which pentane lamps are referred is the standard of 
the Gas Referees. The lamp used at the National Physical Laboratory 
has been repeatedly compared with that standard. At the Reichsanstalt 
they have two lamps, one of which was compared with the standard of 
the Gas Referees, and the other agrees with it very closely. I under- 
Мапа also that one at least of the French lamps was compared with the 
same standard, though of this I am not quite certain. 

Mr. А. P. TROTTER: The old “ Parliamentary candle" was ап 
oficial standard, and if it was a legal one, it was in a very limited 
sense, for it was only authorised for testing London gas. Similarly, 
the Carcel lamp produced in 1800 was adopted by Dumas and Regnault 
for gas testing ; its value was about 9$ c.p. 

The German Association of Gas and Water Industries adopted a 
paraffin candle, the Vereinskerze, іп 1868. Other standards are men- 
toned in Dr. Fleming's paper, and detailed information about them 
15 to be found in Palaz's well-known book. By way of using a lump of 
chalk to measure chalk, Methven, in 1878, introduced his excellent 
system of screening the flame of a Sugg’s argand gas-burner and а 
carburetter, and the combination was called a "standard." In the 
previous‘ year Vernon Harcourt described his pentane burner before 
the British Association, and again in 1883 and 1885. At this time 
Woodhouse and Rawson made a r-candle and a 2-candle pattern. 
Finally а 10-сап е pattern became the official standard for London 
gas testing, and replaced the Parliamentary candle. 

The subject of a standard of light was discussed at the International 
Congress at Paris at 1881, and several French savants upheld the 
virtues of the Carcel lamp. At this Congress, the Violle standard, 
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consisting of one square centimetre of platinum at the temperature of 
solidification, was proposed, and at the International Commission at 
Paris in 1883 it was virtually adopted, although the practical difficulties 
were so great that it never came into use. Draper had suggested 
the possibility of using an incandescent platinum wire in 1844 
and Zocllner, Schwendler, Werner von Siemens, Liebenthal, and 
Petavel spent fruitless labour on the problem. Physical researches 
ending in negative results are well known, but I cannot recall any 
investigation оп which so much time, expense, and good work has 
been spent with so little result. Not even a by-product of a new 
hypothesis or an improved photometer. 

The Hefner lamp was introduced in 1884, and was soon recognised 
as an apparatus of great value. It is not only an official standard, but 
the legal standard in Germany. 

In 1896 an unofficial International Congress at Geneva settled 
various photometric units or measures, and symbols for them. These 
are clearly explained in Carl Hering's valuable Ready Reference 
Tables. Тһе Violle standard was never determined accurately, but it 
was about 20 c.p. The Geneva Congress adopted the bougie decimal 
as one-twentieth of the Violle, and thus the unit which the old Parlia- 
mentary candle tried to represent reappeared. Тһе second Inter- 
national Electrical Congress in Paris in 1889 adopted the bougie 
decimal, and defined it as one-twentieth of the Violle. 

At the Chicago Congress of 1893 a unit of light was discussed, and 
the Hefner unit was strongly recommended. Ц was not definitely 
adopted, but it was accepted tentatively by the American Bureau of 
Standards and by the American Institute of Electrical Engineers. 

In the discussion upon a paper which I read before the Institution 
of Electrical Engineers in 1892, Mr. Swinburne suggested * that a 
screen with a pin-hole of known dimensions should be placed in front 
of an arc, and he thought that a standard quantity of light would pass 
through the hole. Professor S. P. Thompson communicated in writing 
to the meeting the same suggestion,] and proposed that the unit of 
light should be the light emitted by a square millimetre of crater. 
Professor S. P. Thompson read a paper at the Chicago Congress on 
“The Swinburne-Thompson Unit of Light," and it is probable that the 
possibility of realising this unit in the near future prevented the 
adoption of the Hefner standard by the Chicago Congress. 

Illumination photometry had been a hobby of mine for some years, 
and I undertook to investigate the Swinburne-Thompson unit, and 
began experiments on ordinary photometry. I was soon led away 
from the original subject by a phenomenon on which I read a paper 
before the Royal Society in June, 1894. I found that, when an arc is 
apparently steady and quiet, there is generally, if not always, а 
rotation of a bright patch. The experiments were extremely inter- 
esting,t but had the result of knocking this unit of light on the head. 


* Journal Institution of Electrical Engineers, vol. 21, 1892, р. 384. 1 Ibid. 
$ Professor S. Р. Thompson, Journal of the Sociely of Arts, vol. 43, 1895. pp. 973-5. 
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In November, 1893, a special committee of the American Institute 
of Electrical Engineers was appointed to take up the determination of 
a practical unit of illumination,* but they apparently did nothing more 
than provisionally adopt the Hefner lamp. 

Mr. Paterson shows that corrections for humidity, for proportion of 
oxvgen to nitrogen, and for barometric pressure are less for the Hefner 
lamp than for the pentane. He gives only two advantages for the 
pentane lamp, viz., that the colour is whiter and that the candle power 
is larger. He alludes also to the greater ease of adjustment. It is 
quite possible that if the screened or Methvenised arc unit of light had 
been realised, people would be found to complain that it was too white. 

A Clark cell is not much good for electric bells or Wheatstone 
bridges. A fitter uses a steel rule, a carpenter a wooden one, a con- 
sulting engineer an ivory one, a tailor a tape ; a draughtsman measures 
paper drawings with a printed paper scale, and pretends that he does 
so because it expands and contracts with the drawing. Nobody but 
Major MacMahon at the Standards Office uses a platinum-iridium bar 
with microscopic lines engraved on sunk gold plugs. It should be 
remembered that the ultimate legal standard is not necessarily a 
useful, every-day, practical man's instrument. 

A flame lamp, particularly one which uses vapour as fuel, is 
excellent for testing gas. All the corrections (I understand) cancel 
out, and may be neglected. As a secondary standard, for electrical 
purposes, nothing has been proposed which is better than Dr. 
Fleming's glow lamps. It is necessary that these should be compared 
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in a suitable laboratory with a primary standard. Іп such a laboratory ' 


the trifling advantages of a pentane lamp do not appear to warrant the 
setting up in this country of a standard which differs so materially from 
the legal standard of Germany and the recognised standard of the 
United States, and one which is so widely used among scientific men 
of all countries. 

The Hefner lamp is also well adapted for ordinary commercial 
laboratory use. Like a Clark cell, it must be treated with some regard 
for its peculiarities. It is inexpensive and small, and compares very 
favourably with the Fleming lamps, which need a potentiometer and a 
large set of accumulators, and other expensive apparatus. 

My own work has been confined to experimenting with illumination 
photometers, including in that an investigation of Lambert's law. 
| needed a good standard for one evening only, and rarely applied 
barometrical and wet and dry bulb thermometer corrections. For 
out-door illumination work a precision greater than 2 per cent. would 
have been wasted, and the screened-arc “unit” of light varied at least 
10 per cent. І do not claim to have carried out any photometric work 
to fractions of 1 per cent., but I strongly advocate that if a standard 
of light is to be adopted, it should be the Hefner lamp, and that the 
pentane lamp should be left to its useful province in the skilled hands 
of the Metropolitan Gas Referees. 

* Electrician, vol. 32, 1893, р. 133. 
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Мг. W. К. Cooper: There are a few points that I should like to 
raise on this very intercsting paper. The author has given a table 
showing the effect of carbon dioxide upon the pentane standard, and 
in obtaining his results he has assumed that any variation of oxygen in 
the atmosphere may be neglected. This, however, seems doubtful if 
we take Liebenthal's result, showing that a change of т part of carbon 
dioxide in 1,000 parts of air makes a difference of о? per cent. in the 
light, and his calculation that an equal change of oxygen of 1 part in 
1,000 causes a change of o'4 per cent. in the light. The effect of a 
change in thc oxygen is of the same order of magnitude as the effect 
of a change in the carbon dioxide. Consequently it would seem that 
a change in the oxvgen cannot be neglected. It may, of course, happen 
that the two changes are generally so far dependent upon each other 
that the combined effect may be expressed as due to a change in the 
carbon dioxide alone. But whether this is so or not is not clcar from 
the paper. I should also like to ask how the change in carbon dioxide 
was produced, and how a fair sample of the effective part of the 
atmosphere was ensured. Тһе results in Table I. do not look con- 
sistent, for although the effect with time is large to Беріп with, it 
becomes much smaller later on. I presume that this is due to diffusion. 
I imagine that thc effect of quality of atmosphere can be divided into 
two parts in the case of the pentane standard, namely (1) the effect of 
the air which mixes with the pentane to supply the burning mixture, 
and (2) the effect of the air on the flame as the atmosphere in which it 
burns. I should like to know whether these effects have been separated. 


` As regards the first, there ought to be no great difficulty in supplying 


air of constant quality to the pentane. Тһе method of ventilation as a 
whole which tlie author has adopted seems primitive. 

With regard to life tests, the accuracy arrived at seems rather high 
as compared with working conditions when it is remembered that, 
according to the author's statement, o2 per cent. increase in the 
pressure makes a difference of т per cent. in the life. Owing to the 
variation of pressure allowed by the Board of Trade, the efficiency at 
which lamps may be run on ordinary networks may vary by, sav, 
IS per cent. As to the method of test, this involves running the lamp 
at a nominal efficiency. It is therefore a test of the filament rather 
than of the lamp from the consumer's point of view. Although a test 
at the nominal pressure instead of at the nominal efficiency introduces 
difficulties, I think it is a pity that a method of testing at the nominal 
pressure cannot be introduced, so as to have the tests rather more under 
the conditions of actual use. 

Mr. C. LE MAISTRE : I think Mr. Paterson's paper might well serve 
as a model on which the results of lamp tests should be presented. 

Fig. 13 shows the utter inefficiency of the high-voltage lamp. On 
the other hand, I venture to think, the paper generally shows the 
efficiency of the lamp-testing department of the National Physical 
Laboratory, which augurs well for the industry in view of the position 
which we all hope that department will shortly hold. Users and 
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makers are agreed that it is a very essential matter for the whole M 


industry that there should be only one Standard, and not numerous 
standards all over the kingdom. Professor Ayrton mentioned that in 
Fig. 13 there were only two batches of lamps which had a useful life of 
about 500 hours. Three, however, appear to have a useful life of about 
that figure. It is the opinion of a great many that the users generally 
will not insist on tests being carried out. I venture to suggest, therefore, 
that if we could have periodical target diagrams and life tests published 
in the Press, it would be of the verv greatest assistance. In that way 
one would see what the lamp maker was doing, and it would be an 
incentive to the lamp maker himself to improve his lamps, because no 
doubt he could obtain information privately as to the performance of 
his own particular lamp. One speaker referred to the grading of 
voltages as if that were the panacea for all the ills of the makers. Не 
compared American with English practice, rather, it would appear, іп 
the hope that English practice might be brought into conformity with 
American practice. But as Americans sell light, and we only sell 
current, it would seem that, until the laws are altered, that is a practical 
impossibility. Pressure regulation, on the other hand, may do a great 
deal to help the maker as well as the user, and more attention should 
he directed to this subject. In a paper read by Mr. Alex Dow at the 
International Electrical Congress held at St. Louis in 1904, the author 
mentioned that the pressure regulation was generally maintained 
within plus or minus 2 per cent. I should like to direct the attention of 
all station engineers to that paper, especially paragraph 34, which 
appears on page 622 of the second volume of the Transactions of the 
Congress. We have had lately some interesting papers from users of 
lamps; cannot we persuade some of our friends the lamp makers to 
come forward with a paper from their side of the question? They 
know the ins and outs far better than the user does, and they themselves 
tell us that there are very few secrets now from the lamp manufacturer's 
point of view. А paper from such a source would make a valuable 
addition to the Proceedings of the Institution. 

Mr. C. МУпвох: I am afraid my experience may not perhaps 
tend in the way Mr. Le Maistre has just desired that it should. There 
is just one thing I should like to say before we pass away from the 
question of the flame standards. We, as practical lamp manufac- 
turers, are perfectly content to leave the professors of the laboratories 
to ipght among themselves about the flame standards. We, as manu- 
facturers, have to come down to the hard commercial conditions which 
exist to-day. For that purpose I will proceed straight away to pages 
291 and 292 of the paper, where the questions of commercial testing 
апа initial rating are referred to. I think most of the controversy 
on the paper should rage round these points. We continually hear 
it said that lamp makers should supervise their manufactures more 
closely, and grade their lamps better. It seems strange to me that it 
has never struck the people who are constantly raising this point that 
they are beginning at the wrong end of the wire. Why do not they 
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begin at the other end of the wire and start supervising the voltage? 
It is all very well for gentlemen to order 200-volt lamps to a specifica- 
tion, and test them on an actual 200-volt circuit. But a lamp maker 
to-day, if he has 200-volt lamps ordered by a consumer, and if he knows 
his business, will find out the conditions of the circuit used by the con- 
sumer, and in nine cases out of ten he will supply lamps suitable to 
that circuit, stamped for the nominal voltage in order to satisfy the 
consumer. I have placed six actual curves on the wall taken with 
recording voltmeters. I would like you to examine those curves very 
particularly. The top curve, for instance, is a nominal 200-volt 
circuit, and for at least six or seven hours in the day—and they are 
the lighting hours—that circuit is running at anything between 217 and 
220 volts. What is the lamp maker going to do if he follows out the 
theoretical idea and supplies an actual 200-volt lamp when he gets on to 
a circuit likc that? Who will be blamed—the man at the engine end of 
the wire, or the man who stamps the name on thelamp? The latter, 
because the consumer thinks he is to blame. Then take the bottom 
curve, which represents a nominal 200-volt circuit. It will be noticed 
that for the major part of the time it is 196. Supposing we supply an 
actual 200-volt lamp for that circuit, this is the sort of thing we hear, 
* So-and-so's lamps give no light." We send down to the engineer 
and complain, and then he runs up the voltage, and what do we get 
then? That is а fact which I think should be brought more promi- 
nently forward in connection with all these discussions, which we 
welcome, concerning present-day lamps. Mr. Paterson gocs on to 
say that the manufacturers miss the incentive to grade their lamps 
properly. Coming from Mr. Paterson we accept that statement, but 
as a manufacturer I have my own private views. We have to make 
lamps for the commercial circuits as they are given to us, and not for 
the theoretical circuits that are put down by the testing laboratories. 
There is no getting away from that fact. The obvious remedy for that 
condition of things is to grade the voltages. If you cannot grade your 
central stations and help the manufacturers, апа at the same time help 
yourselves, then you must grade your circuits. I know of two or three 
instances in England to-day where the central station engineer has 
taken the trouble to go round to his districts and study the question, 
and at the present time we are receiving orders from such gentlemen 
for 226, 228, 230, 232 and 234 volt lamps. Тһе engineer knows his 
average voltage in a particular district, and he takes good care that 
the consumer does not get lamps marked for the nominal circuit, but 
lamps marked for the actual voltage which exists in the district. It 1s 
trouble to the central station engineer, but it is a thing which has 
occurred in America and been overcome, and I hope sooner or later 
it will be overcome in England. Coming to the question of the two 
American curves shown, these are two very splendid curves. I venture 
to say that any English lamp manufacturer who was applied to would 
produce you a batch of lamps, not of 175, but of 17,000, which would 
give just as good a curve as these. I do not think that is any better 
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than the English lamps which are on the English market, and we have 
to work under very different conditions. Тһе author states, on page 
294, that it is almost impossible accurately to predict the voltage of a 
lamp. That is an absolute fact—we will not deny it. How are we 
going to get over that? We had a curve thrown on the scrcen last 
week, made by Sir William Preece, giving the actual nominal voltages 
of the circuits in England; and it will be noticed they all centre 
around 200 or 220 volts; there is nothing in between. If the lamp 
manufacturer cannot make lamps to come out at a certain definite 
voltage, what is he going to do with the outfalls? I have written to 
America in connection with this subject, but I am sorry to say I have 
not vet received a reply. I had hoped to put on the screen a corre- 
sponding curve of the Amcrican voltages as compared with English. 
What do we find out there? I had a visit, some three weeks аро, 
from the manager of one of the largest carbon lamp manufacturing 
companies in the United States, and he told me it was an absolute fact 
that, as Mr. Le Maistre said, they have formed themselves into a body 
of light suppliers. Тһе central station engineers and the manufac- 
turers act together, and they grade their voltages in order to assist one 
another. Do we find such a thing in existence here? I believe Mr. 
Gaster has tried for some considerable time to turn the manufacturers 
and central station engineers into suppliers of light, and that is what 
we have to be if we intend to be successful. No, we have not reached 
that state of affairs yet. The engineers blame the lamp makers, and 
the lamp makers blame the engineers, but the poor maker must 
keep his views in his pockets, and do the best he can under cxisting 
circumstances, and the lamps are therefore not graded as well as 
we know they should be. To take four lamps, or even ten lamps, 
out of a batch of the millions of lamps on the open market and 
make a test on them is obviously unfair to the lamp makers. We 
know most of the districts and the conditions under which they are 
run, and, as we know our business, when we get an order from such a 
district we entirely disregard the nominal voltage. We take the district 
and we supply lamps accordingly. If we know a man overruns, he 
gets that class of lamp. For instance, in one of these cases, if a test 
of the lamps on the nominal voltage will give 12 c.p., on a 220-volt 
circuit they will give 16, 17, er 18 c.p. Mr. Paterson also speaks 
about the waste of money which is going on and the necessity for 
accurate photometry. All this money is undoubtedly being wasted, 
and will continue to be wasted until we form ourselves more into 
а body of illuminating engineers, and act as the gas people do. Do 
the gas people ever bring up a faulty gas mantle and give us 
particulars with regard to it, saying that it gives a bad light, and 
exposing all their faults to competitors? Of course not; but we are 
doing just that kind of thing. Electric light engineers are simply 
exposing the faults of the industry to the merriment and profit 
of our friends in the gas world, and the latter are scoring all along 
the line. Why cannot we meet together and sce if we cannot alter 
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the present condition of things, instead of publishing all our faults to the 
world ? I say itis the fault of the central station engineers. There 15 
just one other point to which I should like to refer with regard to this 
curve. Supposing one has nominal 200-volt lamps, and the voltage 
is 210, which is a very fair average for a 200-volt station to run 
at; if the 200-volt lamp is run on the 210-volt circuit, what is the 
result? The actual watts increase with that lamp is 1277 per cent. 
and the increase in the cost of the lamp is 10°6 per cent., a total 
increase to the consumer of 23'1 per cent. That is why one hears 
complaints when the bill is sent іп to the consumer, and people say 
that the 64-watt lamps take 70 watts. With good English lamps run 
at the marked voltage they do nothing of the sort. ‘The 64-watt lamps 
take 64 watts; but a 200-volt lamp running on a 210-volt circuit docs 
take 70 watts. 

Mr. |. C. WicHaM : To those of us who use a photometer for the 
purpose of determining whether a lamp is 8 or 16 c.p.—a fact which 
is not always determined by examining the mark on it—Mr. Paterson's 
paper is a most delightful one, dealing as it does with accuracies of 
photometric testing down to plus or minus half of 1 per cent. 

The company with which I am connected have adopted the free 
distribution of lamps to their consumers in two or three cases. We 
have, therefore, now considerable experience as to what we may expect 
to get from makers of incandescent lamps, and, so far, the results 
which have been obtained, especially as regards uniformity of candle- 
power and life, can only be described as perfectly disgraceful. It may 
be due to want of grading ; but, whatever it is, we get a most alarming 
variation in candle power, even from the same maker. 

It is rather disastrous in some cases. A year ог two back we 
obtained a batch of 8-c.p. lamps and they were mostly in the region 
of то. After running a number of hours а good many of the older ones 
were giving 8$ с.р. The engineer recommended that they should be 
changed, as they were very black. The new lamps were put on, and 
the consumers began to grumble immediately, saying that they were 
very bad lamps. They were taken into the photometric room and 
tested, and it was found that the candle power of those 8-c.p. lamps 
was only 53. That is not a very successful way of renewing 84-с.р. 
lamps, even if they are black. 

This vear we have been a good deal troubled with failures of lamps 
owing to the breaking of the filaments. That is a point, in our opinion, 
to which the lamp makers ought to pay a little more attention than they 
have done recently. We have endeavoured to make some tests to 
discover whether these lamps were breaking unduly soon or not, and 
we carried out in one of our stations a considerable number of tests in 
this fashion :— 

The lamps, after they were returned to the store, were all graded 
according to the colour—that is, the blackening of the bulb—and sorted 
into three piles, each pile consisting of lamps which compared in black- 
ness with a lamp which had been known to have run 200, 400, and 600 
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hours respectively. It was found that a very large number of these lamps 
had broken before they had become as discoloured as a lamp which 
had run 200 hours. These we are endeavouring to get the makers to 
renew free. The same subdivision was adopted of the lamps returned 
from consumers with unbroken filaments, and they were then tested for 
candle power and watts per candle. In the 8-с.р. lamps especially 
there is undoubtedly a great difference in the drop of candle power in 
proportion to the blackening of the bulb, due, we maintain, to badly 
made filaments. Тһе tests have not been carried out sufficiently far 
to know whether this method of testing is reliable or not ; but we are 
in hopes that we can enter into a contract with the lamp makers under 
a guarantee to renew lamps which do not come within a reasonable 
candle power in proportion to the blackening of the bulbs. The 
blackening does not necessarily tell exactly the number of hours the 
lamp has been burnt, because, if overrun, the blackening would be a 
great deal more; but inasmuch as the test is dependent on the blacken- 
ing and not on the actual number of hours the lamps were in use, we 
are of opinion that this method of testing, especially the small candle 
power lamps, may prove very useful, and enable the lamp makers to 
discover which of their lamps maintain their candle power under 
service conditions to the best advantage. After all, the supply company 
chicly want lamps of a uniform candle power to start with, which 
will lose their candle power at a uniform rate. 

Mr. A. VERNON Harcourt, F.R.S. (communicated): The knowledge 
that atmospheric conditions have an important influence on the candle 
power of flame standards is not quiterecent. It must have been present 
to the mind of all who have thought out and arranged these standards, 
though an accurate determination of the correction to be applied for 
such atmospheric variations as are material was no easy task. For the 
approximate measurement of the light of flames, such as that of an 
oil lamp or gas burner, the probability that the standard flame and that 
whose light it is used to measure will be similarly affected by atmo- 
spheric variations is sufficient to make the correction of each un- 
necessary. When, however, a flame standard is to be used for 
standardising glow lamps, the corrections to be applied must be 
determined ; and Dr. Liebenthal and Mr. Paterson have—not, I think, 
discovered an error—but dene an essential service which few had so 
5004 means of doing in making these determinations. 

In 1885 I examined the influence upon the r-candle standard, 
which I had proposed, of variations in atmospheric pressure, by com- 
paring it with a small glow lamp whose current was adjusted by means 
of an electro-dynamometer. І found that the pentane flame, which 
Rave a light of т candle when its height was 635 mm. and the 
atmospheric pressure was 760 mm., must be raised or lowered in 
Inverse proportion to the rise and fall of the barometer for its light to 
be constant. 

My experiments upon the influence of atmospheric moisture began 
earlier, in 1879. I had then no glow lamp for measurement, and only 
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compared the light given by a stored sample of coal-gas, burning from 
a London argand in a box photometer, when the air was dried and 
undried. Trays of quicklime were placed beneath the opening at the 
bottom of the box, the light was 166 candles ; the trays of lime were 
removed, the light was 150 candles. On another day the gas was 
tested, and the yield of light was 16:2 candles ; the trays were then 
filled with slightly warm water, light 15:4 candles; the trays were 
removed, the light was then 15:85 candles. Many such observations 
were made, but the attempts to measure the humidity with wet and 
dry bulb thermometers were unsatisfactory. It is certainly very 
difficult to treat the air in any way without interfering with its free 
flow, and thus affecting the light of the burner. I agree with Mr. 
Paterson that it is best to wait for natural variations. 

There is another atmospheric condition, not named by Mr. Paterson, 
whose effect I hope he will investigate, namely, temperature. Ву the 
variation of this condition the flame standard and the glow lamp are 
both, however unequally, affected. А 10-candle gas lamp was placed 
in the centre of a cylinder 18 ins. in diameter and 20 ins. in height, 
within which was a long coil of metal pipe through which hot or cold 
water could be run, lined inside with black cloth. An 8-іп. opening 
in its lid gave free passage to the air. Two small lateral openings 
served for the light going to the photometer and for observation of the 
flame. At temperatures 36°, 32°, 29°, and 24°, the light was тоб, 104, 
10°3, and 102 candles. 

The temperature of flame is far removed from the temperature of 
the air, but the principle of the hot-blast comes in, and particles of 
carbon are measurably brighter at, say, 1,510? than at 1,500*. That the 
glass envelope of a glow lamp is hotter on a warm day is certain. The 
exchange of temperature between it and the filament through a nearly 
vacuous space, shown by the warmth which the glass maintains, though 
continually cooled by the air around it, must be much slower than that 
which is due to the free and rapid access of air to a flame. Is the 
effect of the temperature of the air around on the light of a glow lamp 
measurable or not? If the answer is not already known it can easily 
be obtained by experiment. 

Since when the air is warmer the proportion of steam in it is 
generally greater, and since the light of a flame is increased by warmth 
and diminished by a greater proportion of steam, these simultaneous 
variations must tend to balance one another. But that which is 
needed, and which has already been partly supplied by Mr. Paterson, 
is a formula for correcting the photometric results obtained on com- 
paring a glow lamp with a particular flame standard, by which 
correction may be made for the variations of pressure, temperature, 
and moisture, as the observed volume of a gas measured over water is 
now corrected. 

Мг. J. T. Моккѕ (communicated) : It is clear from Mr. Paterson's 
paper and from previous work on flame standards that proper ventila- 
tion of the photometer room is important. Reference is made to the 
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subject on pages 282, 283, and 287 of the paper, and it would appear that 
it has not been found possible to burn either the pentane or the Hefner 
lamp continuously without the candle power falling, and apparently this 
effect is chiefly due to lack of efficient ventilation. Surely it should be 
possible in an efficiently darkened photometer room, where work of 
the highest accuracy is carried out, to obtain a very slowly ascending 
column of fresh air in which the flame lamp is immersed while being 
used—the air moving so slowly as to cause no flickering of the lamp. 
Possibly the following arrangement might be found to work: Deliver 
fresh air slowly and steadily by a fan through a fair-sized grating (say 
2 ft. square) in the floor directly under the flame lamp, and remove it 
ata similar grating in the ceiling directly above the lamp by means of 
another fan. 

On page 288 the difficulty of finding a suitable resistance to use in 
series with a low-voltage lamp is alluded to. This. difficulty can 
generally be overcome by placing a similar lamp in series with the 
standard running under the same conditions. I have myself made use 
of this method with tantalum lamps and found it satisfactory, the 
second lamp being worked (say in a cupboard) in the same room. 

The part life curves of large bulb Fleming-Ediswan lamps given in 
Fig. 9 of the paper form a valuable addition to our knowledge of the 
behaviour of these secondary standards. As the author points out, the 
candle power continuously rises for a period of from three to four 
hundred hours. Has he reason to believe that the total life of these 
lamps would be of the order of several thousands of hours? It would 
be of great interest to know what the shape of the whole life candle- 
power curve would be. In an ordinary glow lamp the rise of candle 
power 15 generally complete within some forty hours of the start. 
Does the author consider that the large bulb lamp would give a similar 
Ше curve, only multiplied throughout by ten? I would suggest that 
the filaments of these six lamps which have been run for some four or 
fve hundred hours should be carcfully examined (without opening the 
lamp) to ascertain whether there is any change in their appearance 
either locally or throughout their entire length, so that an idea might 
be formed as to their probable future length of life. 

Mr. IRWIN HOWELL (communicated): With reference to the state- 
ment on page 300 of the paper regarding a shortened life test of glow 
lamps by running them at some other efficiency than their standard 
eficiency, I would say that it is the standard practice of the British 
Thomson- Houston Company, Ltd., and of the General Electric 
Company of America, and, I believe, of some of the Continental lamp 
factories, to burn lamps on life test so that results may be obtained in 
approximately fifty hours and upwards. The curve shown in Fig. 17 
I5 based on the law of the variation of life with change in candle 
power, and as well-known laws exist showing the variation of candle 
Power with change of voltage, amperes, etc., the average variation of 
Ше and watts per candle may be calculated within limits of commercial 
accuracy. 
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I believe the law of variation of life due to change іп eandle- 
power is the same for all types of ordinary carbon filaments, whether 
flashed or unflashed, and I have yet to see reliable data disproving this 
statement. The original law of this curve (the life varies inversely 
as the c.p.*55)) was determined, I think, by Mr. John W. Howell, of 
the General Electric Company of America, in 1883, and has been re- 
determined several times since that date, and the elaborate and 
exhaustive tests that have been carried out from time to time seem 
to confirm the accuracy of the original exponent. This means that a 
16-c.p. lamp of any voltage or efficiency, having a life of unity, will 
have a Ше of 12:55 if burned at 8 c.p., and a life of о'08 if burned 
at 32 C.p. 

Mr. LEON GASTER (communicated): The paper read by Mr. Paterson 
deals so exhaustively with many questions relating to electric lighting 
that I will only refer in general terms to a few points which appear to 
be of practical importance. 

In the first instance I should like to mention that it is very grati- 
fying that the establishment of the National Physical Laboratory has 
rendered possible a closer co-operation with similar Institutions on the 
Continent and in the United States in making scientific researches of 
international importance, so that results can now be compared with 
those obtained in the other countries. 

In the second part of the paper, which deals with tests made with 
200-volt incandescent lamps, 1 cannot refrain from expressing my 
disappointment at the bad results obtained with most of the lamps 
supplied to thc market. It has been said, with a great deal of justih- 
cation on the part of the lamp makers, that it is to the extraordinary 
voltage fluctuations at which the current is supplied to the consumer 
in different parts of the country that the short life and bad efficiency of 
the lamps are largely duc, and accordingly, until the central stations 
endeavour to regulate the voltage within more reasonable limits, it is 
useless for the lamp makers to supply lamps to any rigid specification, 
seeing that under present conditions in actual use the lamps will be 
prematurely destroyed. On the other hand, the central station 
engineers have a reasonable cause of complaint against some lamp 
makers for the many bad lamps supplied, which have been responsible 
for the dissatisfaction of consumers, and have thereby retarded the 
more extensive use of electric lighting. Under such circumstances 
they think it useless to go to the trouble of keeping the voltage steadier 
than they are doing at present. The consumer, although sympathising 
with the apparent bona-fide arguments of the two parties, has in the 
meanwhile to put up with inditferent illumination, not knowing upon 
whom to fix the blame. It is for this reason that I am speaking to a 
certain extent from the point of view of the consumer in stating that 
the results of Mr. Paterson's tests are unsatisfactory regarding the 
present supply of lamps, and in urging lamp makers as well as the 
central station engineers to do their very best to improve matters soon. 

I should like to ask what excuse can the lamp makers give for such 
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irregular grading of their lamps as shown in the diagrams ? especially 
when one has to consider the fact that the tests have been carried out 
on an almost ideal, steady, and perfectly regulated circuit. The excuse 
has been given by some that although the lamps are marked at a certain 
voltage and certain candle power, in reality these markings are only 
nominal; they must make the lamps suitable for the voltage known by 
them to exist in the respective districts in which the lamps are intended 
tobe used. This explanation does not seem to be quite borne out when 
examining the diagrams given by Mr. Paterson. For a good lamp 
which was rated at 16-c.p., 200 volts showing only 11 or 12 candles, the 
Ше curve ought to have appeared quite different if the lamp was 
underrun, and it should not show such rapid decline in the life test. 

Why do not the lamp makers insist that something more is done at 
the central stations to regulate the voltage within the limits prescribed 
by the Board of Trade? Iam ata loss to understand why those limits 
have been prescribed at all if they are not to be enforced. One must 
not forget that the bulk of the electric current supply in this country is 
still used for lighting purposes, and that the carbon lamps cannot stand 
high voltage fluctuations without being damaged. This state of affairs, 
I think, ought not to be allowed to continue. The consumer has every 
right to ask that lamps marked at certain candle powers, voltage, and 
energy consumption should be as near as possible true, and it should 
be made illegal and punishable to sell lamps which are wrongly 
marked, due allowance being made for errors in accuracy of testing 
and the manufacture of lamps. The lamp makers may come forward 
and point out to the consumer that in order to supply properly graded 
lamps a higher price will have to be charged for them. I believe, how- 
ever, that it will be infinitely better for the consumer to pay the few 
pence more asked for good lamps, because the difference in the initial 
cost of the lamps is more than counterbalanced by the economy derived 
from the current consumption during the life of the lamp, and also by 
keeping up its useful life a much longer period. Тһе recommendation 
to use high-efficiency lamps and to adopt a system of frequent renewals 
deserves careful consideration at the hands of the consumer where 
energy is charged at rather high prices and the voltage does not vary 
too much. 

Some of the lamp makers I know have complained of those who 
аге trying to show up the bad qualities of the lamps supplied, because 
they say the opposition makes capital out of those condemnations, and 
thev thereby harm the development of the electric light industry. То 
my mind the effect ought to be the reverse. The genuine manufacturers 
will be grateful to such, because they are doing a great service in showing 
up those manufacturers who trade on the ignorance of the public in 
these technical matters and supply bad lamps, and also because they 
are pointing out that there are some good lamp makers who are in a 
position to supply the right article if paid the proper price. From the 
results shown by Mr. Paterson, some of the lamps are certainly of 
superior quality. It is only due to the publication of results obtained 
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by such unbiassed and scientific experiments as those carried out by 
Mr. Paterson at the National Physical Laboratorv that the lamp makers 
themselves have an opportunity of getting acquainted with the true 
nature of the quality of the lamps they are making, or supplving to the 
consumer. If the lamp makers say that owing to the great foreign 
competition, and oh account of the present fiscal conditions, it is possible 
to import into this country any worthless lamp, and sell it at a ridiculous 
price with which the home product cannot compete, it mav be a simple 
matter, I should venture to think, for the lamp makers to combine and 
approach the Board of Trade and ask for protection against such 
unfair dealings, by demanding, for instance, that not only should the 
boxes containing the lamps be marked with the country of origin, but 
also that the lamps imported should bear a distinct mark Бу which they 
may be recognised. Тһе lamp makers could then warn the public 
against any bad lamp so imported, and I have no doubt that, should 
their claims be proved correct, the public will understand where its 
own advantage lies ; but until the marking of the lamps has a legal 
meaning attached to it, so as to become like a “trade mark," Гат 
afraid that the grading the lamps will be continued to a verv large 
extent in the same haphazard manner, and the electric lighting 
industry will be left in the same chaotic state in which it finds itself at 
present. 

Regarding the attitude which is expected to be taken up by the 
municipal authorities and private companies who own electric supply 
concerns, I should think that it would be advisable for them tc 
adopt a scheme by which the lamps supplied to the consumer are 
tested according to the recommendations of the specification, and then 
either to supply the lamps free of charge to the consumer or have 
them, after being tested, sold through the local contractors. In this 
way the bad lamp will be kept out of the market to a very large extent. 
It might be argued that for this testing work heavy expenditure would 
be incurred. My suggested remedy for this is that all the different 
municipal authorities and companies should contribute annually a fixed 
sum of, say, £10 to £15 towards the maintenance of a central testing 
department, which should be run for the benefit of the public. This 
testing bureau should be conducted under the supervision of a com- 
mittee composed of representatives of central station engineers, lamp 
manufacturers, consumers, etc., and there the lamps should be tested 
according to an adopted specification. For any cases of dispute which 
might arise concerning tests, the National Physical Laboratory should 
act as the court of appeal. To my mind this will be a step in the 
right direction, and may help to put the lighting question on a sounder 
basis. | 
I will not discuss at this juncture the бола-Лае claim of the 
"iluminating engineer," whose business it will be to advise the consumer 
how to use the lamps to the best advantage and to get the desired 
illumination at the least expense, but I should like to mention that this 
new profession of the “illuminating engineer" would form a very 
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valuable link between the lamp makers, the central station engineer, 
ind the consumer. Whether the carbon lamp has a long lease of life 
or not, in my opinion a fair trial should be made of the recommenda- 
lions embodied in the specification for carbon glow lamps prepared by 
the Engineering Standards Committee. As these recommendations are 
only to be applied for one year, and are subject to revision, I think 
every opportunity should bc given for introducing them, and in accord- 
ance with the experience gained during the year's trial, the necessary 
alterations should be made. 

Mr. T. А. Rose (communicated): There is only one point in Mr. 
Paterson's extremely interesting and instructive paper to which I wish 
to refer, and that is his apparent assertion, on page 295 and elsewhere, 
that the quality of an incandescent electric lamp depends entirely on 
the make of the filament. In reality, the quality of a modern carbon 
hlament lamp depends quite as much, if not more, on the vacuum as 
on the filament. At the present time there is very little difference in 
the hlaments used by the leading lamp makers, and therefore the 
differences observed in their lamps are more likely to be due to the 
different methods employed for exhausting the bulbs. 

This question of the vacuum is also one of the main causes why 


lamp makers, as Mr. Paterson points out, find a difficulty in making. 


lamps to come out exactly as intended with regard to voltage and 
cndle power. As the paper under discussion is not one dealing with 
the technicalities of lamp making, I cannot now describe and compare 
the different methods used for exhausting lamps, especially as I am 
afraid I should be prejudiced in favour of my own process, but it 
certainly is a fact that some methods produce much more uniform and 
better lamps (using the same filaments) than others. 

Mr. ). S. Dow (communicated) : It secms to be generally admitted 
that the Harcourt то-с.р. pentane standard and the Hefner amyl-acetate 
standard are the best flame standardsat present available, and the pentane 
standard seems to me to be, in almost every respect, the best lamp of 
the two. Ten c.p. is a more convenient unit than 1 c.p. The white 
colour of the Harcourt flame is preferable to the red colour of the amyl- 
acetate flame, and, as Mr. Paterson points out, the use of the chimney 
in the Harcourt lamp gives a very much steadier flame than tbe 
fickering flame of the Hefner lamp, which is so very sensitive to 
draughts. Moreover, a change of only 1 millimetre in the height of the 
Hefner flame means 3 per cent. difference in the candle power of the 
lamp, while a variation of 5 millimetres on either side of the correct 
Position of the flame does not materially affect the light given out by 
the Harcourt standard. 

Му own experiments quite confirm all that Dr. Fleming:said in 1903 
about the necessity for good ventilation, but the Hefner lamp is probably 
quite as sensitive to vitiation of the atmosphere of the photometer room. 
When I visited the Reichsanstalt in Berlin last summer, I was told 
that they never used the Hefner lamp for longer than half an hour in 
making tests, for this reason. The correction for water vapour is about 
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the same in the two cases. The one advantage which the Hefner lamp 
does seem to possess is that it is practically independent of barometric 
pressure. Ап alteration of т centimetre in barometric pressure onlv 
alters the candle power of the Hefner lamp by o'1 per cent., but the 
same alteration would alter the candle power of the Harcourt lamp by 
o'8 per cent. On the other hand, Frankland, as far back as 1861, found 
that under the same conditions the candle power of coal-gas flames 
changed no less than 2 per cent. I should like to ask Mr. Paterson, 
therefore, if he can explain exactly what is the reason for these differ- 
ences, because it seems possible that a slight variation in the Harcourt 
lamp might lead to improvement in this respect. 

I cannot agree with Mr. Harrison that this paper is one more step 
towards doing away with the flame standard. The Harcourt lamp will 
certainly continue to be our standard for some time to come, and, it 
seems to me, every piece of additional knowledge we gain as to its 
vagaries, so far from tending to displace it, adds to its value. Our 
primary standard must have two qualities. It must be easily repro- 
ducible, and must not be easily permanently altered in candle power. 
At present glow lamps are not identically reproducible, and there is 
probably no glow lamp in existence which could not be rendered 
worthless as a standard by being overrun for a few minutes. Mr. Wild 
and I have both found that glow lamps do not give exactly the same 
results after being overrun, if only for a few minutes, and—worse still— 
the lamps gradually alter afterwards. "This, to my mind, constitutes a 
fatal objection to the method of testing the life of lamps by over- 
running for a short period. Such treatment must put a strain on 
the lamps, and their subsequent recovery must be in evidence 
afterwards. 

Mr. Paterson's results shown in Fig. 18 come as a surprise to me. 
In 1903 I tested a very large number of lamps for Professor Ayrton, 
when he was investigating this method of life testing, and found that 
the lamps behaved most erratically. Some lamps rose in candle power 
after being overrun 25 or 30 per cent. for one hour ; others fell. But 
I have almost always found that overrunning a lamp for a very short 
period causes a rise іп candle power and wattage, whereas Mr. Paterson s 
curves show a continuous fall. 

As regards secondary standards, it seems to be the correct plan to 
test glow lamps against glow-lamp standards, and gas lamps against 
gas standards. If glow lamps are tested against a gas standard all pos- 
sible errors occur—errors due to atmospheric influence on the gas 
standard and errors due to faulty regulation of the P.D. across the 
glow lamp (which must now be known to at least o2 рег сеп). But 
exactly the same remarks apply to testing gas lamps against a glow- 
lamp standard. Glow lamps are tested against glow lamps, so that a 
slight variation in the P.D. across both will not affect the results. In 
the same way gas lamps ought to be tested against a gas lamp of the 
same nature, for then atmospheric conditions affect both in the 
same way. 
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On the other hand, in a laboratory in which very exact electrical 
measurement is possible, a glow lamp is probably the best standard to 
use when testing other lamps the candle power of which does not vary 
with the P.D. according to the same law as for glow lamps. But in 
such cases it scems better to measure the current through the lamp and 
not the P.D. across it. According to Mr. Paterson's curves in Fig. 9, 
the current through the standard almost invariably rises as the candle 
power rises. Therefore, if the current through the lamp had been 
maintained constant, the candle power would have been much more 
uniform. ‘This method has other advantages. It gets rid of all danger 
of "contact" troubles in the lamp holder, it minimises the possible 
errors introduced by inadvertently overrunning the standard, and (іп 
the case of carbon filament lamps) the current through the lamp need 
not be known so exactly as the P.D. across it. 

The divergences in behaviour of the standard high-voltage lamps 
shown in Figs. то, 11, and 12 are very curious. Why is it that there is 
an initial rise in candle power in the life of some lamps and not in the 
case of others? Does this mean that some of the lamps were run for a 
certain period by the manufacturers before being submitted for test, so 
that the initial rise in candle power was worked off ? The divergences 
are the more surprising because the ordinary 200-volt lamps, the life 
tests of which are shown in Fig. 15, behave very uniformly. One 
would therefore have expected picked standard lamps to give more 
uniform results. 

Another question affecting the use of standard lamps is that raised 
by Mr. J. T. Morris in the discussion of Dr. Fleming's paper іп 1903. 
Mr. Morris described experiments which apparently showed that for 
every 09 С. rise in the temperature of the photometer room the 
candle power rose 1 per cent. Dr. Fleming, however, in a subsequent 
paper before the British Association, came to the conclusion that the 
effect was inappreciable. Therefore I should like to hear what is Mr. 
Paterson’s experience on this point. 

Finally, there are two points of interest in the carrying out of Мг. 
Paterson’s life tests. From the casual reference to the regulator “in 
snes with the field circuit of the alternator,” I gather that Mr. 
Paterson's life tests were made on an alternating Р.О. Is it an 
established fact that a life test of carbon filament glow lamps on a 
direct or an alternating P.D. leads to the same results? And, if so, what 
must be the limiting value of the frequency for this to be true? 

Secondly, has the position of a glow lamp (whether sideways or 
upside down, etc.) during a life test any effect on the results? If the 
rprising results of Messrs. Cravath and Kansingh,* who found that 
the mere frosting of lamp globes reduced the life of glow lamps 
considerably, be confirmed, this point is worth consideration. 

Mr. С. С. PATERSON (in reply): The comments made by those who 
have joined in the discussion on this paper fall naturally under two 
heads: those concerning flame standards and their ratios, and those 

* Electrical World, vol. 47, 1006, р. 507. 
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concerning the general behaviour and testing of electric lamps. 1 
propose to reply to the remarks under these two heads. 

Dr. Fleming pointed out a difference observable between the ratio 
of the Hefner to the pentane lamp as found by the direct comparisons 
described in this paper and as deduced from the values of electric 
lamps measured in Germany against the Hefner unit, and in Bushy 
against the pentane standard. I have also found a difference in the 
same direction in lamps which I have myself taken to Berlin. We 
have this matter at present under investigation, and I cannot, therefore, 
offer any complete explanation. There is no doubt that the average 
of the ratios given in the table on p. 285 is correct to a fraction of 1 
per cent. It must be remembered that in comparisons through the 
medium of electric lamps, the assumption is made that the condition 
of the atmosphere is reproducible in the two localities and also that the 
methods are identical of measuring the composition of the atmosphere 
in the various places where the flame standards are used. There is a 
difference, for instance, in the standard methods of measuring humidity 
in this country and in Berlin, which may account for a portion of the 
discrepancy. : | 

Mr. Wild points out a very large discrepancy between his pentane 
lamp, tested first at Bushy and then at Westminster, and suggests 
testing in rooms of different sizes and heights, as well as near to, and 
away from, walls. Тһе new laboratories at Bushy are well adapted to 
such measurements, and I shall try, at an early date, whether these 
causes have any effect on the light. It is quite clear that much remains 
to be done in the way of further investigation before the reliability of 
any of the present flame standards can be considered satisfactory from 
the point of view of the electrical engineer who has to deal with 
sources of light which are unaffected by atmospheric conditions. 

I agree with Mr. Harrison that flame standards are not suitable for 
commercial electrical photometric work, but from the point of view 
of the gas industry it must be remembered that the 10-candle pentane 
lamp is a very suitable unit indeed, more useful than a violle or metallic 
filament standard which is unaffected by atmospheric conditions. I 
am very much interested in Professor Ayrton's figure comparing the 
Dibdin standard and the ro-candle Harcourt standard. I have not 
had occasion to work with either the 1-candle pentane lamp, or with 
the Dibdin standard. If, as Professor Ayrton's figures show, the 
Dibdin standard makes the unit of candle power larger than the 
Harcourt 10-candle pentane lamp makes it, then the ratio of the 
German to the English candle as given by the Dibdin unit is nearer 
the old value of 0°88 than the newly determined ratio of 0:92 given 
by the ro-candle Harcourt lamp, burning in an atmosphere containing 
10 litres of moisture per cubic metre of pure air. 

Mr. Trotter adversely criticises my advocacy of the ro-candle 
pentane lamp as а better standard of light than the Hefner unit, and 
speaks of the trifling advantages of the pentane lamp over the Hefner. 
After having used both lamps for standardisation purposes rather than 
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for general commercial laboratory use, I cannot аргсе with him that 
the advantages are trifling. The difficulty of accurate flame adjust- 
ment and the lambent character of the flame render measurements 
with the Hefner lamp liable to greater errors than is the case with the 
pentane standard, and the difficulty of accurately stepping up from 
the 1-candle unit to the 16- and 30-candle lamps used in practice is а 
very real one. Although the pentane flame is affected to a greater 
extent by barometric changes, I do not regard this as a serious 
disadvantage. Barometric pressure is a definite quantity and easy 
to measure and as, for standard work, a correction must be made 
anyway, it does not much matter if its amount is o'1 per cent. or 
08 per cent. As regards humidity correction, which is the more 
serious of the two, there is very little difference between its amount 
in the case of the two standards. I also cannot follow Mr. Trotter's 
reasons for wishing to alter the British candle in order to conform in 
dimension to that used in Germany. The British candle is practically 
identical in size with that used in France (see table, p. 285)and in America, 
the candle in the United States being derived from the Hefner unit by 
increasing the latter in the ratio of 0:88 to r. Why, then, should these 
three countries alter the dimension of their light unit in favour of a 
standard which, owing to its small candle power, will become increas- 
ingly more difficult to use as the magnitude of the lights employed 
commercially increases ? 

I must thank Mr. Cooper for calling attention to a point which 
perhaps is not clear from the paper, unless the latter is very carefully 
read. The experiments on the etfect of carbon dioxide described 
on pp. 273 and 274 are only qualitative. Table I. gives the observed 
fall in candle power апе to the combined effect of increase of CO, 
and decrease in oxygen. Іп the second paragraph on р. 274 it is 
pointed out that this decrease in candle power is very little greater 
than when the lamp is left burning in a closed room without arti- 
ficial increase of СО, It therefore follows that the effect of CO, 
is negligible under all ordinary circumstances since the amount of 
this gas in the atmosphere never reaches such a high figure as that 
attained when it was artificially introduced into the air of the photo- 
meter room and reached a value of 170 litres per cubic meter. 

[п reply to Mr. Cooper's queries, the change in CO, was produced 
bv causing gas from a laboratory CO, kip to pass into the air of the 
room. The samples of air were taken from the immediate neighbour- 
hood of the lamp by very slowly sucking air into previously exhausted 
10-Иге vesscls at the rate of about 1 litre in two minutes. I have 
endeavoured to separate the air drawn into the saturator from that 
in which the flame burns by first introducing CO, directly into the 
tube leading to the saturator, and secondly, by feeding the saturator 
with fresh air from outside the room. Neither had any observable 
efect on the candle power, and I therefore conclude that the air 
which surrounds the flame when it burns is that which has the most 
inluence on its light intensity. Гаргее that the method of ventilation 
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sounds primitive. It must be remembered, however, that the Hefner 
lamp cannot be properly used in any but a perfectly still atmosphere, 
and I think a scheme of ventilation has to be rather elaborate to clear 
out the air of the room without causing sufficient disturbance to affect 
even such a stable flame as that of the pentane lamp. I feel sure that 
the method described by Mr. Morris would be found unworkable with 
the Hefner lamp. On a windy day, even when all doors and windows 
are tightly closed, the flame wanders in a most exasperating way, and 
observations can only be made during the short, quiet intervals when 
the flame is approximately steady. 

I am much interested in the suggestive contribution which Mr. 
Harcourt has made to the discussion. As regards the effect of varia- 
tion in temperature on the candle power of the pentane lamp, I 
suspected for the reasons Mr. Harcourt gives, that temperature would 
have a disturbing influence. In deducing, therefore, by the method 
of least squares, the corrections for barometer and water vapour 
changes from the observations shown in Fig. r, I introduced a term 
for variation of temperature from the mean. The term, however, 
came to practically zero. I therefore assumed that for all ordinary 
temperature variations met with in practice, no correction was 
necessary. Mr. Norris, in a paper read before the Denver Meeting 
of the American Gas Light Association, October, 1900, came to the 
same conclusion. He had two lamps burning in two different rooms 
with a bar photometer between them. There was a window in the 
dividing wall, which allowed the light from both lamps to fall on 
the photometer. The tests made covered a range of temperature of 
from 24? C. in one room to 37?C. in the other, and, according to his 
report, the relative values of the lamps remained practically unchanged. 

As regards the barometric correction for the lamp, Mr. Harcourt 
has handed me a table showing a number of his own observations. 


Barometer | 
; Calculated C.P. 
пип, Observed С.Р. |. о 0-008 (760 — b). 


(b) 


Observed — Calculated. 


| 


7441 9°87 987 | 0'00 
7478 993 990 | + 0'03 
7491 994 991 + 0°03 
7551 993 , 99 — 0°03 
7555 1004 9% + 0°08 
— =o = Calculated — Observed. 
7653 10°07 | 1004 -- 0'03 
7670 9795 10°06 + O'II 
770°7 IO'O4 1009 + 0°05 
772'9 10'05 | IO'IO + 0°05 
7741 10°09 | 10711 | + 0°02 


They were obtained by comparing the 10-candle pentane lamp with 
the r-candle standard. ‘The flame of the latter was varied in height 
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according to the height of the barometer, the necessary amount having 
been previously determined by Mr. Harcourt as т mm. for every $ inch 
of barometric variation. Тһе results are given in the accompanying 
table, which Mr. Harcourt has kindly permitted me to publish. 

The question which Mr. Dow raises as to the reason why barometer 
changes affect the candle power of flames is one concerning which I 
do not venture a definite reply. When, however, one considers that 
the vapour from the amyl acetate lamp is burnt at the moment and 
at the point of vaporisation, but that in the case of both the gas and 
pentane flames, gas, as such, is pressed or sucked through the holes 
in the burners, it would certainly not be safe to assume that all are 
going to be equally affected by changes of outside pressure. 

Passing to questions whicb more directly concern electric lamps: 
in reply to Dr. Fleming, the large bulb standards were compared, 
during their ageing, against other large bulb standards, and not against 
the pentane lamp. Г think there is a real demand for high voltage 
standards among engineers who have a reasonably steady source of 
supplv, the variations of which will only very slightly affect the candle 
power, if in the setting of the inter-comparison lamp both it and the 
standard can be run in parallel. 

Mr. Robertson suggests that, on account of the outfalls, it will not 
be possible to improve the uniformity of lamps until there is as large 
a number of supply pressures in this country as in America. One quite 
appreciates that the narrow American limits cannot be adhered to here, 
as things are at present, but I should like to ask him if he maintains 
that an improvement cannot be made on the basis of the wider limits 
defined in the specification. In view of the consistently better rating 
shown by the products of some makers than is the case with others, I 
cannot help thinking that a great advance is possible. 

Mr. Russell suggests the difficulty of assuming that the law of inverse 
squares holds on account of a lens effect produced by the bulb. I 
think the fact that all commercial horizontal candle-power measure- 
ments are made when rotating the lamp should prevent any errors 
being introduced due to this cause. 

I congratulate Mr. Wild on the results he has obtained on high 
voltage lamps. I wish I had included some of his lamps among the 
various types which I tested. I have also noticed the effect which Mr. 
Wild and Mr. Dow mention, due to a momentary application of excess 
voltage to standard lamps. I have found, however, that a rise in candle 
power by no means always occurs, and that as often as not the candle 
Power falls. I think the chief difficulty arising from making candle- 
power measurements always in the maximum direction is that under 
this system a maker could reasonably claim that the candle power 
of his lamp should be measured exactly in the centre of one of the 
bright bands of light which are to be found in nearly every lamp. Mr. 
Wild has probably come across lamps, as I have, in which these bands 
arc broadened out in a most curious way, giving large areas over which 
the illumination is about 25 per cent. brighter than over the other 
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portions. In answer to his comments on life tests, the specification 
does not say that a lamp is no use after it has reached exactly 80 per 
cent. of its original candle power. The 80 per cent. line is a convenient 
one for the purpose of testing whether one filament is as good as 
another. The term “ useful life" must not, I think, be taken as meaning 
too literally that the lamp is of no use whatever when this point is 
reached. | 

I do not agree with Mr. Wild's objection that large errors are 
introduced in judging when a batch of lamps has reached the 80 per 
cent. point. In the first place only five lamps are tested for life out of 
a large consignment, and measurements on them can therefore be 
made accurately and check readings taken at the end. Secondly, each 
IOO-hour point during the life test represents, on the average curve, 
the mean of five lamps. If, further, the exceptional case happens that 
the life curve has assumed a nearly horizontal direction at the 20 per 
cent. line, it is probable that the batch will not pass under Clause 13 of 
the specification, which necessitates that the mean candle power during 
life shall not fall below a certain value. I think the advantage of 
testing to the 20 per cent. point is that a slightly more rapid falling 
off in candle power will make a relatively greater diminution in the 
useful candle hours. These are guaranteed, and the method should 
therefore be an incentive to a high average candle power. The 
method favours what I think is a desirable system of buying lamps 
on à basis of bonuses and penalties according as the candle hour 
performance is good or bad. The point which Mr. Wild raises as to 
differences in reduction factors is a real one, but the wide limits he 
has taken are not, I think, met with in ordinary coiled filament lamps. 
Certain ditferences, however, do exist, and the only really satisfactory 
method is, as he points out, to measure the spherical candle power of 
lamps. Icannot help feeling, however, that if this had been put into 
the specification, it would at once have prevented its more general use 
in commerce. Аз things are at present, makers will tend to adopt that 
type of filament which throws 2 or 3 per cent. more light than at present 
in a horizontal rather than in a vertical direction. This can be no 
practical disadvantage to the user. 

Mr. Harrison suggests a light standard consisting of a metal filament 
of given resistance, cross section, and length. I think, however, he will 
find a difficulty in reproducing the emissivity of such filaments to the 
desired degree of accuracy. 

I agree with Mr. Cooper that the life test (under the specification) 
of any individual lamp is a test rather of the filament than of the 
particular lamp in question. It must be remembered, however, that 
it is a test, the results of which represent what the average perform- 
ance of the batch will be. Assuming that the lamps in a consignment 
fall about equally on either side of the value aimed at by the maker— 
that is to say, that they are distributed symmetrically about the centre 
point of the target—then the results of lamps tested for life at definite 
watts per candle will represent the true performance of the average 
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lamp of the whole consignment. Тһе initial rating test ensures that 
lamps fall reasonably near the values specified ; the life test proves the 
hlament and vacuum, I think what a consumer of lamps wants to 
know is, not so much the exact life which a lamp will give when run 
on his circuit, with its variable voltage, but rather whether the lamps 
he is buying are really of high grade quality. А lamp which is better 
Шап another when run under the test conditions given in the specifica- 
tion will be equally better when run on a circuit with variable voltage, 
although, of course, in the latter case the life of neither will be as long 
as when run under test conditions. If on test, lamps with the inevitably 
wide variation in efficiency are to be run at marked voltage with a 
varying degree of pressure fluctuation, it is obviously impossible to 
specify anything definite as regards their behaviour. If, however, test 
conditions are specified which are perfectly definite, although they may 
not be exactly the same as running conditions, yet they will show 
whether lamps are of high grade quality or not, and to what extent 
they will or will not give the best possible results when run on the 
commercial circuits. 

I am glad that Mr. Wilson has spoken so plainly about the way in 
which manufacturers find it necessary to supply lamps which are 
wrongly marked in order to suit both the buyer, and the circuit on 
which the lamps are to be run. I cannot, however, agree with him 
that this is апу reason for not testing lamps or supplying to specifi- 
cation. He suggests that we should allow important matters which 
concern the public welfare to slide, because the consumer or station 
engineer refuses to appreciate that parts of the network are run at 
5 ог го per cent. above nominal pressure. This is surely an undesir- 
able course to take. Тһе sooner such people, if there аге any, learn 
the truth and have to face the facts, the better will it be for themselves, 
the lamp-makers, and the general public. If no lamps can be bought 
but those which are what they are supposed to be, there may at first 
be trouble in some quarters, but the causes will be investigated, and 
when appreciated we shall be nearer the desired end where voltages 
are graded in different parts of a district, according to whether they 
are near to or far away from a feeding point, and lamps will be bought 
accordingly. 

l am much interested in the experiments which Mr. Wigham is 
carrying out of testing old lamps according to their colour. I should 
have thought, however, that the severe blackening which frequently 
takes place at the moment of failure of a lamp would have caused the 
tests to come out very much in favour of the manufacturer, as in this 
case the burnt-out lamp would appear from its colour to have run 
longer than was actually the case. 

In reply to Mr. Morris, I should hardly think it safe to assume that 
the large bulb standards would last for as long as he suggests. I do 
not venture a definite opinion, but should think it probable that their 
lal in candle power would be very gradual, but that failure would 
cventually take place due to a short length of the filament increasing 
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in resistance. It looks as if the lamps would behave very differently, 
and that some of them would have a more rapid drop than others. 

I agree with Mr. Gaster that even if lamp markings are only 
nominal, as is asserted, it is no excuse for bad rating. Suppose lamps 
are supplied for a 210-volt circuit but tested at 200 volts, if they have 
been properly rated at 210 volts they will lie equally well together if 
tested at 200 volts. They will, of course, be uniformly low, but will not 
be dotted all over the diagram, as is the case with many types shown in 
Fig. 13. Mr. Gaster has overlooked one fact when he refers to the life 
curves of the lamps tested. He suggests that an under-run lamp starting 
at 11 or 12 candles should give a better life curve than the ordinary 
16-candle lamp running at normal and higher efficiency. This is, of 
course, true, but all life tests shown in Figs. 15 and 16 were made, по! 
at marked volts, but at 3:8 watts per candle (initially). They were, 
of course, tested on the bench at marked volts, but on life test the volts 
were either raised or lowered to bring all to a uniform efficiency. 
Hence all the curves are strictly comparable. 

I wish, in spite of the reasons Mr. Rose gives for not entering into 
details, that he had given us some of his wide experience on the 
question of the production of vacua and the effect on the life of the 
lamps of slight changes in the degree of exhaustion in the bulb. Itis 
generally realised, of course, that if the vacuum is indifferent it will 
considerably shorten the life of a lamp, but I know of no data giving 
results of comparative tests on lamps with varying degrees of good 
vacua. Ц, аз Mr. Rose suggests, the varied performance of lamps оп 
life test is principally due to different degrees of exhaustion in the 
bulbs, the fact is one which deserves much more attention and 
investigation than is generally bestowed on it. 

Regarding the over-running tests mentioned by Mr. Dow, I have 
not been able to see any sign of a prolonged rise in candle power 
such as he experienced with his lamps іп 1903. Тһе over-run lamps 
which I tested were measured every five minutes during the first hour 
and seemed to go through the same cycle of operations as in the test 
at normal volts, only, of course, in a much shorter time. I agree with 
Mr. Dow that in many instances it is better to measure the current 
in a standard than the voltage across it. For ease and accuracy of 
working, however, the method of running both standards and com- 
parison lamps at the same voltage has much to recommend it. In the 
case of makes D and F (Figs. 11 and 12) the lamps were run for a 
time before I had them, in order to get over the initial rise. Аз 


‘regards the effect of temperature on glow lamps, I feel some diffidence 


in expressing an opinion which is opposed to that of such a careful experi- 
menter as I know Mr. Morris to be. In several lamps, however, which 1 
have gradually raised to about 40? C., I have not been able to observe the 
etfect which he found and published in 1902.* In reply to the question 

* Since writing this, Messrs. Laporte and Jouaust have shown me the results of 


some experiments made by themselves, in which they could distinguish no ditterence 
in the candle power of a glow lamp, although they raised its temperature to 115? C. 
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of Ше tests on direct and alternating currents, I have not sufficient 
data to give an exact answer. Г have, however, run lamps on a direct- 
current circuit for a portion of their life and then changed over to 
as low a frequency as 25 (NJ in order to see if any effect was observable. 
И was not possible, however, to tell from the life curves where the 
change over took place. I regret, also, that I have not data with 
reference to the running of lamps іп an upright or pendant position. 
The fact that lamp-makers do not mind what position is adopted so 
long as it is not within 45? of the horizontal leads me to suppose that 
the point is not a vital one. 

The PRESIDENT: The members have already, I think, indicated 
by their applause their thanks to Mr. Paterson for his paper. I will, 
however, put the motion formally, that the thanks of the Institution be 
accorded to him for his paper, and to the other gentlemen who have 
contributed to make the paper a success. i 

The resolution of thanks was carried with acclamation. 


The following paper was then read and discussed :— 
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COMPARATIVE LIFE TESTS ON CARBON, NERNST, 
AND TANTALUM INCANDESCENT LAMPS 
USING ALTERNATING CURRENTS. 


Ву H. Е. HAWORTH, Ph.D. (Bale), M.Sc. (Vict.), B. Eng. 
(Liv.) ; T. H. MATTHEWMAN, B. Eng. (Liv.) ; and 
D. Н. OGLEY, B. Eng. (Liv.) 


(Pafer read February 7, 1907.) 


INTRODUCTION.— Tests on Nernst and ordinary incandescent lamps 
have been mainly confined to the observation of their working on 
continuous-current circuits, and the study of the behaviour of such 
lamps with alternating currents has been somewhat neglected. With 
a view to determine whether the working of such lamps on an alter- 
nating-current circuit was in any degree different from that when 
using continuous current, a series of tests was undertaken in two parts, 
the results of which are recorded in the paper. In the first part the 
design of the automatic regulator is dealt with, and some preliminary 
tests are described. Тһе second part contains an account of a more 
extended series of comparative tests. | 


PART I. 


APPARATUS.—The greatest difficulty in making life tests on lamps 
is to Ксер the applied voltage constant, since if this is not done the 
value of the tests is comparatively slight, unless the actual pressure 
variations are recorded. Тһе following is a description of apparatus 
specially designed and made for these tests іп order to keep the 
voltage automatically constant. It consists first of а dynamometer 
(see Fig. 1) the fixed coils of which have a laminated iron core. Above 
the moving coil and fixed rigidly to it is a light, rigid rectangular 
aluminium frame (see Fig. 2). Across the middle of this rectangle 
a phosphor-bronze strip G F is stretched horizontally by means of the 
spring F, and on to the centre of this strip a light aluminium tube 
B KE is fixed, ВК being 3 inches long and КЕ 6 inches. The coil 15 
suspended at the top and bottom by phosphor-bronze strips. The 
bottom strip is attached to the dynamometer base by a spring and the 
top опе to a bracket which carries a torsion head. This coil is con- 
trolled by a light steel spring fixed at one end to the aluminium 
rectangle and at the other to the torsion head, which is of the Siemens 
pattern. The bronze strip ЕС acts as a pivot for the pointer B E, and 
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enables it to move up апа down аз it is deflected across thc surface of 
the revolving drum (described below); the end of the pointer thus 
makes good electrical contact in all positions, the contact pressure 
being constant and depending on the position of the balance weights 
attached to the short end of the pointer. 

The end E of this pointer B E moves over the surface of a revolving 
drum, the arrangement being similar to that used by Mr. S. С. Brown* 


Section of 


in his drum cable relay. This drum (Figs. 3 and 4) has two wide 
sections А and C and one narrow section B. 

Contact is made to the А section through the bearings, B is 
insulated from A and C, and has no contacts; C is also insulated, 
contact being made through a springy copper brush. 

Wires from the contacts to the outer sections of this drum run to a 
double relay in the manner shown in Fig. 4. The armature of this 
relay is fitted up as a reversing switch, contact being made through 
mercury cups. 

The contact piece E of the aluminium dynamometer pointer is 


* Fournal Institution of Electrical Engineers, vol. 31, 1902, p. 1061. 
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made of black lead taken from a pencil. Many kinds of lead pencil 
are unsuitable for making good contact, and the right kind must be 
found by experiment. This blacklead contact does not pit the drum 
when it sparks like a platinum contact does (N.B.—The drum is made 
of brass), and it is much lighter, thus reducing the time of swing of the 
system. | 


as 

: — 
ЫЎ fo 
Eu d 

E ы ыы 

4 


"Relay magnets 


AEST 
Condenser———- Condenser. 


Dynamémeter 
pointer. 


| 


Revolving drum. 


Fic. 4.—Diagram of Connections of Automatic Regulator. 


Contact between the drum and pointer is facilitated by shunting 
condensers across the revolving contacts (as in Mr. Brown’s drum 
cable relay just referred to), but in this case an arrangement of 
wires and mercury cups is fitted to the relay armature by means of 
which, when the relay moves slightly owing to an insufficiently good 


Fic. 5.— Alternator Field Resistance and Regulating Motor. 
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drum contact, all the condensers are shunted on the side on which the 
dynamometer pointer is trying to make contact, improving it and 
causing the relay to act fully (see Fig. 4). By this method fewer 
condensers are used to make good contact, or having a given number 
of condensers a lighter contact pressure may be used, thus reducing 
the friction between the drum and pointer and giving greater 
quickness of action. 

The relay armature primarily controls the direction of rotation of a 
small series-wound electric motor (see Figs. 5 and 6) by reversing the 
armature current. This motor drives, by means of a worm gearing, 
an iron wire resistance, the four coils of which are fixed to four discs 
which are attached to an axle as shown. These four coils are per- 
manently connected in series and rub against four horizontal brass 
brushes. The brush on the first coil is connected, by means of a 
flexible lead at the side, to the beginning of the second coil, and the 
second brush is connected to the beginning of the third coil, etc. Тһе 
result is that when the drum is in one position all the resistance is in 
circuit between the two opposite terminals of the system, and as the 
drum turns the resistance is gradually diminished. Current for these 
tests was taken from a motor generator ; the exciting current of the 
generator was sent through this rotary resistance (4 ohms), which was 
calculated to give a no-load voltage variation on the machine of about 
8 volts either way, running at 230 volts. 

The working of this system is as follows :— 

The alternator P.D. is regulated by hand till the required value,. 
230 volts, is reached. Тһе torsion head of the dynamometer is turned. 
until the dynamometer pointer contact swings on to the centre 
neutral section of the drum, and is then switched on to the relay and 
motor resistance circuits. If the voltage of the alternator from any 
cause rises, the dynamometer pointer swings on to a live section of the 
revolving drum, and closes the relay circuit on one side, bringing the 
relay armature down on that side and thus closing, through mercury 
cups, the circuit of the motor driving the field resistance of the 
alternator (Figs. 5 and 6). This motor is set so as to revolve in such 
a direction that the field resistance is increased, thus diminishing the 
alternator field current and reducing the voltage. 

When the voltage is again normal, the dynamometer pointer moves 
back to the neutral section of the revolving drum, thus breaking {һе 
relay circuit, which in turn breaks the motor circuit controlling the 
field resistance. When the voltage falls the reverse of this series of 
operations takes place, the pointer swinging to the other side of its 
normal position, which causes the other side of the relay to operate, 
and drives the field resistance motor in such a direction that the resist- 
ance is cut out, thus increasing the alternator P.D. 

Thus we have an automatic, accurate, and sensitive method for 
keeping the voltage constant during life tests on lamps. This method, 
of course, applies equally well both for continuous and for alternating 
currents ; the difficulty in constructing a voltage regulator for alterna- 

VoL. 88. 
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ting-current work usually being the rather weak dynamometer force 
available, whereas in continuous work a very strong field might have 
been used, obtained either by permanent or separately excited electro- 
magnets, with a very small current in the moving coil. It is obvious 
that if the rotary field resistance is at any time (when totally cut out 
or all in) insufficient for regulating the voltage fluctuation, the 
resistance will simply keep revolving until the flexible leads at the 
side jam. To avoid this, a five-point switch was placed at the side 
of the drum, which could be operated by stops placed on the outside 
disc (see Fig. 6). These five contacts were connected to four 
resistance coils which were in series with the field resistance. 
Normally the switch arm rested on the centre stop, and only two 
coils were in circuit. 

If at any time the rotary resistance was insufficient for regulation, 
one of the stops on the drum would push the switch lever over so that 
three coils were then in circuit ; this would probably give such regula- 
tion that the drum would return to its midway position. If this was 
insufficient four coils would be put in. The reverse of this takes place 
when the field resistance is too big. Coils are then cut out by the 
other stop. 

The alternator field current also passes through a small safety relay 
(see Fig. 6). This relay closes, through two mercury cups, the battery 
circuit on to the dynamometer (see Fig. 4), pointer, and controlling 
relay. Thus it will be seen that if the total regulation of the field 
resistance and emergency coils is insufficient, through a big fluctuation 
of the accumulators supplying the exciting circuit, through breakage of 
any wires, or through accidental stoppage of the motor-generator from 
any cause, the regulating gear is automatically put out of action by 
the rising of the safety relay armature through either having no field 
current through it or having its current switched off by the drum 
resistance at the five-point switch. Thus the dynamometer relay 
circuit is broken and the lamps are switched off. 

The dynamometer, relay, and revolving drum are placed in a glass 
case to protect the instrument from draughts and dirt, and the revolving 
drum is driven through a flexible picce of shafting by a small electric 
motor placed outside the case. The dynamometer coils of about 
250 ohms resistance were placed in series with an oil-cooled manganin 
resistance of 2,500 ohms. 

To obtain the varying voltage for the tests described in Part II. a 
rotary resistance was made which could be gradually introduced and 
taken out of the main circuit, so that the voltage across the lamps fell 
from 240 to 230, and then rose to 240 volts again. 

The resistance consisted of three continuous iron wire spirals wound 
on three wooden drums (see Fig. 7). To a point on each spiral a 
slip-ring was connected. On each slip-ring a brush pressed, and each 
spiral pressed against a brush. The slip-ring of one spiral was con- 
nected to the brush of the next spiral. The figures show the positions 
of maximum and minimum resistance. One rotation every two minutes 
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was produced by an electric motor, which drove through belts and 
pullevs. 

Description of Lamp Holder.—In Part I. the lamps under test (Nernst 
lamps $ ampere and incandescent lamps by different makers) were 
placed in a circular block wooden drum 28 inches in diameter and 
10 іпсһев deep. This drum was divided into fifteen sections by iron 
partitions, and each section held a lamp. The drum was fixed on a 
vertical axle and was capable of rotation. It was surrounded Буа thick 
black curtain, which could be arranged to cover all the sections except 
one, so that the candle power of the lamp in that section might be 
measured. 

Each lamp had to be arranged so that the current passing through 
it could be measured, and the voltage across the glower of each 


ni 
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Maximum resistance. 


Minimum resistance. 


Ғіс. 7. 


Nernst lamp was also determined. То mcasure these quantities with 
the minimum number of wires, the following mercury switch gear was 
devised (Fig. 8) :— 

ССС is a ring of mercury connected to one of the mains С. L is 
the other main, and it is permanently connected to one terminal of 
each amp LLL. ВВВ are cups filled with mercury, each of which 
is connected to the terminal of a lamp LLL. The mercury cup А in 
the centre of the switch is connected to onc terminal of a double scale 
ammeter А, the other terminal of which is connected to the main C. 
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Normally all the mercury cups BBB are connected to the outer 
mercury ring ССС, thus shunting the lamps directly across the mains. 
The connectors are pieces of copper wire with ebonite handles to lift 
them up with (see Fig. 8). 

To find the current taken by any lamp, another connector is placed 
from (say) Ві to A, the centre mercury cup. The current is now 
flowing to this.lamp partly through the ammeter and partly through 
the other main C. Тһе connector from Вт to the outer ring of 
mercury is then removed, and all the current to the lamp now passes 
through the ammeter; no current is interrupted in doing this; the 
lamp is continually alight, and there is no voltage fluctuation. То dis- 
connect the lamp from the ammeter these operations are reversed. This 


Wiring of lamps on drum 
to mercury switch gear. 


switch is oil insulated and placed on top of the lamp drum with the 
glower voltmeter switch. It is a four-way mercury switch, three of 
the cups of which are connected to the top contacts of the glowers. 
By these methods of wiring only four wires are nceded to the revolving 
lamp drum. 

In the use of the tests described in Part II. the lamps to be tested 
were mounted on an open wooden ring 4 feet 6 inches in diameter, 
which could turn about a vertical axis. This ring was placed in a 
well-ventilated, partitioned-off part of the photometer room. 

To test any lamp it was brought in front of a hole in the partition 
and was isolated from the other lamps by a semi-cylindrical shutter so 
that it could be photometered. 

Instruments,—The ammeter used was a Johnson and Phillips hot- 


1907.) COMPARATIVE LIFE TESTS ON LAMPS. 857 


wire instrument with two scales, one reading to о5 ampere and the 
other to і ampere. Тһе scales were changed by switching a resistance 
in or out by a double two-way switch. The voltmeter used was a 
Kelvin standard multicellular instrument. 

Photometric measurements were, of course, made without the 
ammeter in circuit. The photometric equipment consisted of a 
Lummer-Brodhun photometer, a bench 355 cm. long, a 2-candle power 
Argand burner and Methven screen used as a working standard, and a 
Vernon Harcourt 10-candle power standard pentane lamp used as 
a primary standard. 

In Part II. a large bulb Ediswan standard incandescent lamp was 
used as a working standard of light. Its voltage was 35 and candle 
power 18.5: 

The voltage applied to the standard lamp was checked with a 
potentiometer. 

The incandescent lamps were first tested in different horizontal 
directions, and the mean horizontal candle power was calculated. 

The light from the lamps was measured during the life tests in one 
direction—usually that of maximum illumination—and it was assumed 
that the ratio of mean candle power to the candle power in this direc- 
tion remained constant. This was checked in several cases, with satis- 
factory results. 

In the case of the Nernst lamps the above determination was not 
made for each burner, as the filament was vertical in the 4-ampere type, 
and the illumination is sensibly the same in all directions. 

Ventilation.—The ventilation of the photometric room was assisted 
by an electric fan. 

Frequency.—The frequency was kept constant at 50 by altering 
the field resistance of the driving motor when necessary. Уапа- 
tions in frequency were observed with a Campbell’s frequency 
indicator. 

Time.—Time of tests was indicated by an electric clock, which was 
switched into the alternator field circuit as soon as the lamps were 
connected, and switched off when the main circuit through the lamps 
was broken. 


QUANTITIES MEASURED. 


I. Time of observation from the beginning of run. 

2. Current taken by lamp. 

3. Voltage on glowers in Part I. 

4. Candle power of lamp (compared with Methven screen in Part I. 
and with standard Ediswan lamp in Part II.). 

5. Candle power of Methven screen compared with Vernon Har- 
court pentane lamp, and candle power of Ediswan standard also 
compared with Vernon Harcourt pentane lamp. 


* For a description of this standard see Dr. Fleming's paper, Fournal Institution 
of Electrical Engineers, vol. 32, 1903, p. 119. 
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TABLE I. 
NERNST LAMPS. 
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COMPARISON OF RESULTS OF TEsTs, PART І.--А comparison of the 
average results of Tables I. and II. shows а saving of 57 per cent. in 
watts per candle in favour of the Nernst lamp. The percentage saving 
in cost is much less than the percentage saving in energy on account of 
the frequent and expensive renewal of glowers and iron resistances. 

Against the saving in cost we must place— 

1. The much higher capital outlay on the lamp. 

2. The large sizes in which it is manufactured. 

3. The time it takes to light. 

4. The erratic life of the glowers. 

In reading the above figures it must be remembered that these tests 
are made with alternating currents, and that the Nernst lamp appears 
to work much better with continuous current. 


PART II. 


These tests were divided into three series :— 

I. Lamps run on their constant normal voltage (230). Duration of 
test, 1,000 hours. 

2. Lamps run on a constant voltage (240), about 5 per cent. above 
normal. Duration of test, 750 hours. 

3. Lamps run on a voltage varying continually between 230 and 
240 volts, the variation having a period of two minutes. 

The lamps were run continuously from Monday until Saturday, 
а period of 120 hours at a time. 

Some of the results obtained are represented graphically by the 
curves in the accompanying diagrams, and the average values of 
candle power and watts per candle, together with figures for energy 
supplied and candle hours, are given in Tables III., IV., and V. 

The curves are arranged in two sets, A and B. The A set includes 
the lamps tested at a constant pressure of 230 volts, and the B set the 
lamps on a constant pressure of 240 volts, also on a pressure varying 
between 230 and 240 volts. Curves for lamps of one make will be 
found together on the same diagram, and the figures corresponding to 
these are tabulated together. 

In the first series of tests six lamps, three 16 c.p. and three 32 с.р., 
of each kind were tested, except tantalum lamps, in which case two 
115-volt lamps were placed in series. The Nernst lamps used were 
245 volts, 025 ampere, this being the usual type of lamp supplied for 
use on the 230-volt mains in Liverpool Тһе Nernst lamps were 
marked 225 volts on the filament and 20 on the ballasting resistance, 
50 that it would appear that they should be run on 245 volts, and it was 
found that they gave better results on the 240 than on the 230-volt 
drcuit, yet they were the lamps sold for use on the 230-volt mains at 
Liverpool. 

In the second and third series of tests two lamps, one 16 c.p. and 
one 32 c.p., of each make were employed. 

In all cases the frequency of supply was 50. 
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Fic. 10.—Carbon Lamps 28 A and 30A. Volts constant, 230. 
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Fic. 11.—Carbon Lamp 34 А. Volts constant, 230. 
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Fic. 12.—Carbon Lamp 44 А. Volts constant, 230. 
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GENERAL Conc.Lusions.—In Table I. the voltage across the glowers 
was also measured. Тһе glower voltage always increases with time. 


In case 2 it rose from 1050 to 208 volts іп 26 hours $ volt per hour. 
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Now this increase of voltage on the glower is not due to anv ageing 
of the ballasting resistance, for when a new resistance was put in in 
the middle of a run due to failure of the previous one, this increase of 
voltage was maintained, and there was no initial reduction of voltage 
due to the new resistance. 

This increase in resistance of the glower is therefore due to altera- 
tion in the glower itself and to deterioration of its metallic contacts, 
and it is interesting to note that the faster the resistance of the glower 
incrcases the shorter its life. 

Referring to the tests on carbon lamps, the following points may 
be mentioned :— 

The 4 watts per candle lamp is generally the exception on alter- 
nating-current lamps. 

The cost of an incandescent lamp is an extremely small item in the 
cost of lighting compared with the expenditure for energy, and should 
not be considered in buying a lamp. 

The point to be considered is, What average watts per candle will 
the maker guarantee ? 

In the majority of cases when used with alternating currents incan- 
descent lamps do not give their proper candle power, and usually no 
two lamps made and calibrated by the same maker will agree either 
with themselves or with their reputed candle power. Also with some 
makers the small size lamps are good and the large ones very bad. 

In nearly all cases there was a rise in candle power after the begin- 
ning of the run. 

With carbon and tantalum lamps the maximum was obtained 
within 25 to 30 hours, while with the Nernst lampsthe rise was evident, 
but not so appreciable as with the former. 

The current also rose to a maximum, but reached this value later. 

In the case of the higher voltage tests these maxima were reached 
earlier. 

The lamps of one make in which the candle power attained the 
highest value in their group often fell otf most rapidly, and were the 
lowest in value at the end of the test (see Curves). 

Breakages generally took place when, after a long run, the lamps 
were switched off on Saturday for the week-end. "This would seem to 
be due to the contraction during cooling, the filament breaking when 
it had become weakened by long burning. 
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Кіс. 13.—Nernst Lamps 30 А, 40 А and 40B. Volts constant, 230. 
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Fic. 14.—Carbon Lamps 5 В апа 6B. 5B, М. constant, 240; 6 B, Volts 
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The lamps tested were Brush-Vienna, B.T.-H. Edison, Ediswan, 
Nernst, Pope, Premier, Robertson, Sunbeam, Maxim, Behrend, and 


Tantalum. 
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Owing to the great number of tests only а few typical curves аге 
given, and the chief details of the original curves are given in the 


table. 
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CURVES. 


Diagram, Fig. 9.--Сшуе 13 A is typical of a carbon lamp run at 
normal voltage. 

Diagram, Fig. 10.—Curves 28 A and 30A are of bad lamps. 

Diagram, Fig. 11.—34 А is characteristic of a class of lamps which 
start very well and finish badly. 

Diagram, Fig. 12.—44А is a typical 32-c.p. lamp, starting about 
23 c.p. and depreciating very slowly. 

Diagram, Fig. 13.—39 А, 40 А, and 40 B are Nernst lamp curves. 

Diagram, Fig. 14.—5 B and 6 B are typical curves of two similar 
lamps, one overrun at 240 volts and the other on voltage varying from 
230 normal to 240 volts. It will be noticed that the two curves cross 
one another about half-way through the test; this was characteristic of 
most of the curves made in this manner. Generally speaking the 
efficiencies work out nearly the same in both cases. 

Diagram, Fig. 15.—13 B and 14 B are also illustrative of this point. 

Diagram, Fig. 16.—33 B and 35 B are tantalum lamps overrun at 240 
volts ; 34 B and 36 B are tantalum lamps on voltage varying between 
240 and 230. 

The average of “the average watts per candle" for the seventy 
carbon lamps tested is 4:86; for the eight 4-ampere Nernst lamps 
tested this average is 4714, and for the six tantalum lamps 1797. 

The ordinary 3-ampere Nernst lamp of commerce is thus about 15 
per cent. better than the average carbon lamp, while its life is about 
560 hours. 

The average consumption of the tantalum lamps tested was 60 per 
cent. less than that of the carbon lamps, and their lives were on an 
average 330 hours ; doubtless the tantalum lamps made now will give 
much longer lives than these. 

Though the tantalum lamps, even on these few tests, show a much 
better efficiency than the carbon lamps, the makers of carbon lamps— 
feeling the competition of the new metal filament lamps— will, without 
doubt, vigorously turn their attention to the production of a 2-watt per 
candle carbon lamp. 

This research was carried out at the University, Liverpool ; the first 
part, including the design of the automatic regulator, the preliminary 
tests, results of which are given in Tables I. and П., being carried out 
by H. F. Haworth in the old electrotechnical laboratories ; and the 
second, including Tables III. and onwards, was carried out by T. H. 
Matthewman and D. H. Ogley in the new electrotechnical labora- 
tories of the University. 

In conclusion, the authors wish to express their sincere thanks and 
indebtedness to Professor Marchant for his encouragement and valu- 
able help during the progress of the above work. 
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DISCUSSION. 


Professor AYRTON : I would like to ask Dr. Haworth what was the 
sensibility of his regulator. That was not mentioned in the paper. 
We know that to make an alternate pressure regulator is a much more 
dificult problem than to construct a direct pressure regulator, because 
as a rule the forces to be dealt with are so much smaller. Mr. Paterson 
made a regulator, which is described in his paper, which kept the 
pressure constant to $ per cent. I should therefore like to know what 
the sensibility of Dr. Haworth's regulator is. 

Мг. C. C. PATERSON : I think Dr. Haworth has given us particulars 
of a number of very interesting and valuable tests in his paper, but I 
should like to ask one or two questions. First of all, how was the 
candle power of the Nernst lamps determined for the purpose of these 
comparisons? Was the maximum spherical, or hemispherical candle 
power taken? Оп thelast page the author draws a comparison between 
the results of efficiency tests on carbon lamps and on Nernst lamps. 
One always finds these comparisons on the basis of candle power very 
dificult to make, because the Nernst lamp throws nearly all its light 
in one direction. Asregards the comparison shown in the curves in figs. 
14 and 15, where tests are made on fluctuating and steady voltages, I 
should like to point out that in Fig. 15 the author has plotted two life 
curves of lamps, one of which has an inefficiency of 4'1 watts per candle 
power, and the other 3:2. Those two lamps under normal conditions 
would have a very wide variation of life. Тһе curves in the other case 
are marked 3:8 watts per candle, and although one has a very slight 
rise, which would increase its efficiency rather more than the other one, 
үсі they are probably comparable. 

In his table the author gives figures for the length of life of different 
lamps, but I should be interested to know if he could give us any infor- 
mation as to the length of life of the lamps of different makers run at 
the same efficiency and on the two voltages which he mentions. He 
made some tests at 230 and some at 240 volts. If we could get com- 
parative tests between lamps of the same efficiency and of different 
makes run at those two voltages, they would be exceedingly valuable, 
because it would help us in the problem of shortening life tests and 
nding out whether it is possible to run lamps at a higher efficiency 
than that for which they are rated and deducing from the results what 
would be the life if run under normal conditions. 

Мг. J. T. Morris: With regard to the cause of the shortened life of 
tantalum lamps on alternating circuits as coinpared with direct circuits, 
it seems probable that this is due, as I have elsewhere suggested, to 
cyclic changes in the length of the filament during cach period of the 
alternating current. While the lamp is at work it is known that the 
candle power fluctuates during each cycle, and in conscquence the fila- 
ment must expand and contract. I imagine the breaking is comparable 
to that of a bar which is subjected to repeated alterations of stress. 

Mr. W. H. PATCHELL: With regard to the point raised by Mr. 
Paterson, I should like to say that, when Dr. Sharp was showing me 
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over the Electrical Testing Laboratories in New York, I distinctly 
gathered from him that he could tell the life of a lamp by overrunning 
it. He had made so many test curves that he could definitely fix what 
the life of a lamp under ordinary conditions would be if he raised the 
testing pressure. On the question of tantalum lamps, it is useful, 
when working on a subject, to look from one paper to another ; and 
people who are looking through the discussion afterwards may be glad 
of a reference to the National Electric Light Association’s Convention, 
held at Atlantic City in June of last year, the Proceedings of which have 
been published. J. W. Howell’s paper, read before the American 
Institute of Electrical Engineers, has already been referred to by the 
author. In the Proceedings of the Atlantic City Convention there 
appeared a photograph of the tantalum lamp filament, showing that 
it looks like a child's bead necklace, as was shown by Professor 
Thompson, and also a month or two earlier by Dr. Sharp. I believe 
the peculiar structure was published for the first time at the Atlantic 
City Convention. 

Mr. A. CAMPBELL : With regard to the very interesting effect that 
Dr. Haworth mentions in connection with the tantalum lamp, that is 
to say, the shivering or shuddering that occurs at times, is he quite 
sure that it has nothing to do with anything in the rest of the circuit ? 
I take it that the circuit was used exclusively for running the lamps 
from the alternator itself, and therefore that he has good proof that 
there was no high-frequency oscillation set up by external capacity and 
inductance. If it is something quite independent of the circuit it 
seems to me that it may be connected with the effects of crystallisation, 
such as were shown by Dr. Silvanus Thompson's microphotographs. 
Perhaps Dr. Haworth can throw some further light on it. 

Mr. C. P. SPARKS: There is one fact I should like to mention, 
namely, the bearing of price on the deterioration in the quality of 
lamps supplied during the last few years. We now expect to get 
for a very low figure a better lamp than we did years ago, when the 
high price allowed a larger percentage of lamps being rejected. И 
the public want a better lamp, it can be produced at a higher cost, 
but the cheap lamp seems to suit the British public at the present 
moment. You cannot expect to get the same results from these cheap 
lamps that were obtained with more expensive lamps a few years ago. 

Mr. LEON GASTER : I think that the results obtained by the authors 
of this paper confirm those obtained by other investigators, namely, 
that the present high-voltage carbon glow lamps bought in the open 
market are of very unsatisfactory quality, and leave plenty of room for 
improvement. There is no doubt that the excessive variation of 
voltage existing in the supply circuits has a good deal to do with the 
unsatisfactory illumination obtained. Тһе automatic voltage regulator 
used by the authors for making the life test is a very useful apparatus. 
I should venture to think that there ought to be a field open for large 
consumers of light to install practical automatic voltage regulators, by 
the aid of which not only would the voltage be kept steadier, but the 
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conditions would be better for the employment of higher efficiency 
carbon glow lamps, with the result that great economies could be 
secured. In the ordinary way, on account of the prevailing great 
voltage fluctuations, such high-efficiency lamps cannot safely be used 
without being exposed to damage by excessive overrunning, thereby 
shortening their life considerably. 

Professor E. W. MARCHANT : In the first place I should like to say 
something about the pentane lamp, if I may be allowed todo so. It was 
referred to in Mr. Paterson's paper. We made a series of very careful 
comparisons between an Edison large bulb standard and a pentane 
lamp. I have here the result of nineteen tests, made over a length of 
time of nearly seven months, and the actual variation in the relation 
between the candle powers was from 1 : 1'92 to І : 1°97. Those are the 
outside limits of variation, and they seem to be well within the limits 
that one would expect to get, taking account of the variation in 
humidity that one does get in the air. The results have not been 
corrected in any way for humidity. These tests were made in a large 
photometric room, with a cubic content of something like 4,500 cubic 
feet, and with a constant temperature of about 18° C., and I think it is 
possible these conditions may be an explanation of the result. With 
reference to the question of voltage regulation, which has been referred 
toa good deal this evening, I should like to lay stress on the excellence 
of Dr. Haworth’s regulator. I think a regulator that will regulate to 
plus or minus à per cent. is really a very good regulator indeed, particu- 
larly when it is one that will operate on alternating-current circuits. 
It is an instrument which is really a practical instrument, one which 
may be of service in connection, for example, with large buildings 
where there is a large number of lamps in use. It might add con- 
siderably to the life and efficiency of lamps in a large building if a 
regulator of this kind were installed, even though it meant that а 
certain amount of energy was lost in the resistance it would be neces- 
мгу to put in to maintain the constant pressure. With reference to 
the point Mr. Wilson made as to the variation of voltage on the 
electrical circuits in this country, I should like fully to bear out his 
remarks with reference to Liverpool. I do not think any one can 
describe the regulation of Liverpool as good. We very often have 
a pressure as high as 245 volts on a circuit which should give 230, and 
sometimes our pressure will fall to as low a value as 220. I do not 
know whether the lamps t iat Mr. Wilson may have sent to Liverpool 
were graded to suit the Liverpool conditions, but if so it is just possible 
that the results which were obtained were not so good as they would 
have been had they been fitted for the actual conditions that existed in 
our tests. Professor Ayrton has just told me, with reference to the 
carbide of silicon lamps to which he referred, that the manufacture of 
them in Liverpool was discarded on account of the large fluctuations in 

ressure that were found on the circuits there—that it was practically 
no good for the lamp makers to make good lamps (and these, of course, 
are extremely good lamps) if the variation in pressure was so bad as to 
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neutralise entirely (by shortening the effective life) any advantage that 
could be obtained by increasing the efficiency of the lamp. I think the 
lamp makers have something to say to the central station engincers, 
but, on the other hand, I think the central station engineers have a good 
deal to say to the lamp makers. No one can describe the result of 
these tests, I think, as satisfactory. "The tests were made entirely from 
the point of view of the consumer. Тһе attempt was made to gain as 
much information as possible as to what the carbon incandescent lamp 
was doing at the present day, and it was for that reason that the tests 
were made in the way in which they have been carried out—that is, the 
tests were made at 230 and 240 volts, and with the actual varying pressure 
that one gets on the circuit. As Mr. Paterson has said, it is extremely 
difficult in making іссіз in this sort of way to generalise at all as to the 
results. Тһе results are there, and they are available for reference. | 
should like very much to work out these results in view of the curves 
and figures which have been given us by Mr. Paterson. I should like 
to sce, for example, how his life curve, which has been based, I under- 
stand, on the result of a large number of tests, agrees with the results 
that we have obtained in this series of experiments. 

We have not had sufficient time yet to check our own results 
against his in regard to various other matters, but I hope that may be 
done before long. 

Мг. W. H. PATCHELL : I understand the Liverpool works are owned 
and run by the ratepayers. I believe they also carry an enormous 
tram load in addition to the lighting load, so that if they are carried 
for nothing they cannot expect to have their volts regulated to 4 per 
cent. 

Ок. HAWORTH (іп reply) said: There is only one point to which I 
wish to refer with regard to those curves (Fig. 15, 13 B and 14 B) which 
cross over the 240 volts over-run and the 240 to 230 volts. Mr. Pater- 
son wanted to know why they were not over-run at the same efficiency. 
As a matter of fact, those curves referred to lamps which were sup- 
posed to be similar lamps supplied by the same maker. Оп each sheet 
of curves the lamps referred to are made by one maker, and those two 
curves are lamps of one maker. One of them, the 240 volts over-run, 
started at about 3:9 and went up to 6:2 watts per candle. Тһе varying 
voltage lamp started with higher watts per candle, 4:25, and it rose to a 
smaller amount than the other did, namely, 5:3 watts per candle. But 
the average watts per candle over their total life are nearly the same. 
Тһе over-run lamp has 5:2 watts per candle, and the varying voltage 
lamp 4:8. I do not know what the other curves would work out to, but 
I have just taken the two shown on the screen. The lamps were run 
at constant voltage and not started at the same efficiency. With 
regard to the question Mr. Campbell raised as to the quivering of the 

filament, the circuit we had was used exclusively. for these lamp tests ; 
we had nothing else on it. 
In reply to Professor Ayrton's question, the sensibility of the 
regulator, working under the best conditions of contact, was plus or 
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minus 4 per cent., and working under normal conditions it was about Dr. 
Haworth. 
plus or minus $ per cent. 
The PRESIDENT: I will ask you to convey your thanks to Dr. 


Haworth and the other authors for the paper they have been good 
enough to present. 


The resolution of thanks was carried with acclamation. 


И 
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Proceedings of the Four Hundred and Fifty-first 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, Feb- 
ruary 7, 1907, Dr. В. Т. GLAZEBROOK, F. о 
President, in the chair. 


The minutes of the Ordinary General Meeting held on January 
24, 1907, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS, 
From the class of Associate Members to that of Members :— 
William W. Cook. | Cecil W. Kennaway. 
John S. Peck. 
From the class of Associates to that of Associate Members :— 


William G. Counsell. 
John Е. Edmonds. 
Harry С. Hazell. 


Thomas L, James. 
John C. Matthews. 
William H. Wilson. 


From the class of Students to that of Associate Members :— 
Louis du B. Hugo. William T. Massey. 
W. McBretney. | Richard B. Matthews. 


Messrs. L. T. Healy and J. H. Wakefield were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Associate Members. 


Thomas Henry Birrell. Percy James Jordan. 

M. Rupinsky Cooper. Stanley Greatorex Payne. 
Alfred Abraham Davis. John Harold Thompson. 
Walter Simeon Hunt. Arthur Watts. 


John Henry Maliphant Young. 
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As Students. 
Ernest Adamson. Hermon Amos Kelsall. 
Cyril Dean Adshead. Allen Neave Kingsbury. 
James Affleck. James Charles S. McIntyre. 
Leonard Cecil Baldwin. Duncan John MacKellar. 
Cecil Shannon Bell. Reginald St. Clare Marston. 
John Bilsland. Arthur Wellesley Mason. 
Francis W. Bissett. Hugh Charles May. 
Francis William Brecknell. Kurt John Nebel. 
Norman Elling Brevig. Edward Rowden Newman. 
Charles Graham Campbell. Kenneth Lancaster Osborne. 
Frederick Henry Clark. John Robert Pannell. 
Harold Cooper. Archibald Parker-Smith. 
Frederick Augustine Corea. Leslie Orr Gibb Pearce. 
John James Creasey. John William Perkins. 
John Davidson. Charles Sydney Richards. 
Rex Marsh Everett. George William Richmond. 
Fred. Farrar. Archibald Stuart Ross. 
William Edward Flower. Ernest Walter Sale. 
Theodore Gerrard. Jacques André Schopfer. 
Reginald Alfred Giffen. Sooyii Kwang Shen. 
Thomas Carlyle Grisenthwaite. Maurice Е. Е. Shuttleworth. 
Douglas Hay. Robert Rowley Smail. 
William Henderson. Herbert John Swain. 
Frank Reginald Hoggett. Victor Н. Winson. 
John Morton Jackson. Edward L. Wood. 


Donations to the Library were announced as having been received 
since the last meeting from The American Philosophical Society, Audel 
& Co., С. Barnes, Professor J. Epstein, M. O'Gorman, Dr. А. Е. Ken- 
nelly, Sir Oliver Lodge; to the Building Fund from J. H. Rosen- 
thal and L. С. B. Trimnell; and to the Benevolent Fund from Н. 
Alabaster, 5. Е. Britton, Н. W. Clothier, J. Gavey, О. Henriques, 5. 
Insull, Н. W. Kolle, J. P. Lawrence, Sir H. С. Mance, H. W. Miller, 
W.G. T. Pope, C. Stirling, H. W. Turner ; to whom the thanks of the 
meeting were duly accorded. 


The discussion оп Mr. C. C. Paterson's paper was concluded (see 
page 318), and Dr. Н. Е. Haworth's paper was rcad and discussed 
(see p. 350). 

The meeting adjourned at 9.45 p.m. 
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LEEDS LOCAL SECTION. 


REGENERATIVE CONTROL OF ELECTRIC 
TRAMCARS AND LOCOMOTIVES. 


By ALFRED RAWORTH, Associate Member. 
(Paper read at Sheffield November 22, 1906.) 


During the last two years the attention of all tramway authorities 
has been turned towards the subject of regenerative control. In some 
cases their interest has been awakened by the high prices they have 
to pay for electrical energy, and in others by the difficulty of providing 
effective braking appliances. It is generally admitted that if a prac- 
tical system of regeneration could be evolved, it would go far towards 
the removal of both difficulties. 

Actual experience has shown that even on level lines regeneration 
produces a saving in current of over то per cent., and wherever the 
country is undulating from 20 to 30 per cent. may be expected. Аза 
brake the герепсгайуе motor is unsurpassed, because the retarding 
effort, whilst very strong, is completely under control and is free from 
objectionable jerks. 

Many of the advantages of regeneration were clearly foreseen by 
Sprague as early as 1885, as will be gathered from the following extract 
from an article written by him * on his early experiments :-“ Mean- 
while my interest in the electric railway problem had become active, 
and after a study of the movement of trains and the conditions of 
operation upon the Manhattan Elevated Railway, I schemed out a 
system, and in December, 1885, read a paper before the Society of 
Arts in Boston, advocating an equipment with motors under cach car, 
and using shunt-wound machines to enable current to be returned 
to the line when decreasing from the higher to more moderate speeds." 

In those early years, when the attention of engineers was being 
directed towards the practicability of electric traction, Mr. W. M. 
Mordey was also very strongly impressed with the advantages to be 
gained by the use of the shunt motor, and there can be no doubt that 
Sprague, with his intimate knowledge of electrical theory, and with his 


* Street Railway Journal. 
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great ingenuity and indomitable energy, would have solved the pro- 
blem, had it not been for the inherent defects of motors as they then 
existed. At the time of Sprague's experiment no motors would run 
with a fixed line of commutation, and the position of the brushes had 
to be changed when the motors were reversed. This condition was, of 
course, fatal to any proposition for producing regeneration. 

Later attempts appear to have been only of a desultory character, 
and there is no evidence that any inventor ever attempted to produce 
a feld by means of a shunt winding which would be commensurate 
with the field produced by the ordinary series winding. So long as 
they omitted to do this their failure was a foregone conclusion. 

At the present time there are some two or three examples of 
regenerative working existing in Germany. Тһе motors, I understand, 
are pure shunt, but no attempt whatever is made at spced regulation, 
and the lines upon which they are working are not street tramways. 

The first attempts in the direction of developing the present system 
of automatic герепегайуе control were made at Devonport in the 
autumn of 1003. Тһе result of the experiments was to show that the 
system was perfectly practical even without the advantage of putting 
the motors in parallel. The range of speed, however, was somewhat 
limited, a defect which was particularly noticeable in hill climbing ; 
consequently with a view to removing this, attempts were made to 
devise a series parallel controller, which at first resulted in failures, but 
so much valuable experience was gained that a satisfactory controller 
was eventually produced and is now in operation on some forty-five cars. 

On the whole it is a happy circumstance that the earlier develop- 
ment was done entirely with motors in series, otherwise the difficulties 
of the problem would, in all probability, have stifled the invention 
altogether. 

The difficulty of changing from series to parallel or vice versa with 
shunt-wound motors, consists principally in the fact that the speed of 
the armature varies inversely as the strength of the field and directly 
as the voltage across the brushes. It is obvious, therefore, that in 
changing from series to parallel the field strength must be practically 
doubled, otherwise the moment the armature circuit is closed across 
500 volts a violent attempt will be made by the motors to accelerate 
the car. 

The operation of strengthening the ficld can be carried out fairly 
quickly, but not quite quickly enough, consequently it is necessary to 
insert some resistance in series with the armatures to check momen- 
tarily the rush of current due to the inexactitude of the field strength. 
This will be referred to later. Ц is also necessary to insert some series 
held winding in series with each armature, for without this precaution 
the motors would not work in parallel. 

Further it is an essential condition that in breaking the current 
either when going out of series or when coming out of parallcl, there 
should be no resistance in circuit, otherwise there will be heavy flashes 
in the controller. In this respect shunt motors differ entirely from 
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series motors, resistances being necessary in combination with these 
latter when opening the circuit. 

The method by which the resistances are put in circuit before 
closing the armature circuit and taken out again before breaking the 
circuit will be described later on. Apart from this little difficulty, the 
operation of this controller is simplicity itself. 

It first puts on the shunt field, then closes the armature circuit 
through resistances which are cut out in steps, it then weakens the field 
to increase speed, it then doubles the field strength and puts the 
armatures in parallel, a small series winding being in series with 
each armature and resistance in the main circuit. This resistance 
is then cut out in steps and the field again weakened to attain the top 
speed. 

The series winding has nearly as many turns as the ordinary serics 
winding of a scries motor, but the current is shunted so that the series 
winding carries only a fraction of the current passing through its own 
armature. 

The series of operations is shown in Fig. r, which is a diagram 
showing the connections on each notch of a serics parallel controller 
arranged for working two motors. Referring to this diagram, it will 
be seen that the shunt field circuit is first closed, then on the first 
notch the armatures are connected in series with resistance. Тһе 
resistance is then cut out in steps, and on notch No. 4 the armatures 
are in series across the full voltage, the shunt fields being fully excited. 
This notch gives a speed of from 3$ to 6 miles an hour, according to 
the type of motor used. But it is an advantage to have the minimum 
reactive speed as low as possible, both for the sake of economy in 
current due to the reduction of the rheostatic period and because it 
is the minimum speed at which the motors will return current to 
the line. 

On notches 5 and 6 resistance is inserted in the shunt field circuit 
with the object of increasing the speed. The speed on the sixth notch 
being 3 or 4 miles an hour faster than the minimum rcactive speed. 

On notches 7, 8, and 9, when the controller handle is being turned 
in a clockwise direction, the connections are exactly the same as on 
notch 6. Thus, when the circuit is opened preparatory to going into 
parallel, there is no resistance in the armature circuit. 

On notch 10 all the resistance in series with the shunt fields is cut 
out, thus giving the maximum field strength, the armatures are соп- 
nected in parallel, cach in series with its series field winding, and 
resistance is inserted in the main circuit. А resistance is put in 
parallel with the series windings in order to shunt a portion of the 
current, therefore only so much current as will balance the load 
between the two armatures is allowed to pass through the series 
winding. | 

Оп notches r1 and 12 the resistance іп the main circuit is cut out in 
steps, and on notch 13 the armatures are in parallel across the full 
voltage, the field strength being at the maximum. 


Те 


"н 


an an шә аш Gp аш шшш 


DxAGRAM оғ CONNECTIONS 


Automati ti 
тесе potential 


tl i| 
2 I 
Rheostatic brake 
points 


OF 
Кө - CONTROLLER 
drg. N? 518. 21.9.06. 


8*5 ХІГІГІГІ 
Ф . 


£ ning arrester 


= аш a шаша 
PITT 
COI 
ЕЕ Cable bundle to 
HE other Controller. 


| 
: 
i 


1906. | ELECTRIC TRAMCARS AND LOCOMOTIVES. 877 


On notches 14 and 15 resistance is inserted in steps in the shunt field 
circuit to attain the top speeds. 

Now when the controller handle is turned in a counter-clockwise 
direction, the same combinations as when accelerating are made as 
far as notch 13, and the speed reduced from the maximum down 
to a speed which is only slightly more than double the minimum 
regenerating speed in series. 

But on notches 12, 11, and то фе connections are exactly the same 
as on notch 13, and when the circuit is opened preparatory to going 
into series, there is thus no resistance in series with the armatures. 

On notch 9 resistance is connected in series with the shunt 
field windings and the armatures are connected in series, in series 
with resistance. 

On notches 8 and 7 this resistance is cut out in steps until on notch 
6 the armatures in series are connected across the full voltage. 

On notch 5 the resistance in series with the shunt fields is reduced, 
and on notch 4 it is cut out altogether. 

At this point the speed of the car has been reduced to the minimum 
regenerating speed. The handle is then shut off in the usual manner 
and the hand-brake applied. But when moving the handle from notch 
4 to the off-position, the resistance which was inserted on notches r, 2, 
and 5, when moving in a clockwise direction, is kept short-circuited, 
thus again providing for the opening of the circuit with the armatures 
connected across the full voltage. 

The rheostatic brake notches r, 2, and 3 make connections similar 
to those used for the same purpose in ordinary controllers, but these 
notches in the controller coincide with the power notches 15, 14, and 
13. How this is effected I will now explain :— 

There are also two other points which require explanation :— 


(1.) Notches 1, 2, and 3, 10, 11, and 12 make connections as 
shown on the diagram when the controller handle is mov- 
ing in a clockwise direction, but when the handle is turning 
in the opposite direction the resistance in series with the 
armatures is kept short-circuited. 

(2.) Notches 7, 8, and 9 give connections as shown in the diagram 
when the handle is moving in a counter-clockwise direc- 
tion, but the resistance in series with the armatures is kept 
short-circuited when the handle is moving in a clockwise 
direction. 


Referring now to Fig. 2, which is a development of the controller 
laid out in the usual way: Finger 22 is connected direct to the trolley 
and the six fingers immediately below it are connected to the resistance 
used in the armature circuit. When the controller cylinder connects 
the trolley finger 22 to one of these resistance fingers, the current flows 
through the resistance connected between that finger and the bottom 
one, R. 6, and then through the armatures. For instance, on notch 1 
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finger 22 is connected to finger R. 2, the resistance in circuit is there- 
fore К. 2 {о К. 6. On notch 5 the finger 22 is connected to finger К. 6, 
the resistance is therefore short-circuited. 

Now contact ring X. is loose on the main cylinder, and is driven 
by a pin working in a slot, which enables the loose ring to lag behind 
the main barrel by the space covered by three notches. When the 
controller is turned in a clockwise direction the position of this slip 
ring is as shown on the diagram, but if the controller is moved, say, to 
notch 6, and then back to the off-position, the slip contact hangs back 
three notches behind the rest of the main cylinder and takes up the 
position shown in dotted lines. 

It will thus be seen that the resistance in circuit on notches т, 2, 3, 
10, II, and 12 is short-circuited when the controller handle is being 
turned in a counter-clockwise direction. In the same manner the 
resistance in circuit on notches 7, 8, and 9 is short-circuited only when 
the handle is turned in a clockwise direction. 

Now notches 13, 14, and 15 are rheostatic brake notches when the 
barrel is turned past the off-position. The finger 22 is disconnected 
from the trolley and connected to earth, and the series fields are 
reversed by the small brake cylinder on the left of the diagram. Тһе 
resistance in circuit on the first notch is R. 2, R. 6; on the second 
notch К. 4, К. 6 ; and on the third notch all resistance is short-circuited 
by contact X., which will be in the position indicated by dotted lines. 

The present form of controller has only been in existence twelve 
months, but there are now about one hundred of them working 
successfully. 

As previously mentioned, when the first experiments were made in 
1903, the motors were connected permanently in series, the speed being 
regulated by the shunt field. This worked well on the level, but great 
difficulty was experienced in preventing drivers from climbing steep 
gradients with a weak field, which caused heavy flashing at the com- 
mutators. It was then recognised that the introduction of the 
series parallel system of control was necessary to make the regenerative 
system suitable to all conditions. 

The first scheme was to weaken the field until the armatures in 
series had attained a speed of double the minimum reactive speed, then 
to open the armature circuit, double the shunt field strength, close the 
armature circuit again with the armatures in parallel, and then again 
weaken the shunt field to attain the necessary speed. For these 
experiments a box full of open switches was used. 

It was found that the armatures could be put into parallel only bv 
making a considerable pause to allow the field to increase, and then 
only on the level. To cure this the controller was arranged to insert a 
small resistance in the main circuit, in order to give the shunt fields 
more time to increase. This arrangement worked well, and the motors 
could be switched into parallel on an 8 per cent. gradient. 

It was then found that getting the armatures back into series was 
even more difficult than getting them into parallel, it being necessary 
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to use more resistance in the armature circuit. This difficulty was, 
however, overcome in the first series parallel controller that was made 
on the circular plan. 

Many motors, however, will not work sparklessly in series with the 
field weakened sufficiently to produce double the minimum speed, and 
the controller has therefore been re-designed with three resistance 
notches for making the series parallel changes. Twelve months after 
the commencement of the experiments with series рагаПеР working, 
there were fourteen cars running with series parallel control on the 
Yorkshire Woollen District Tramways, and they have never given any 
trouble. 

The following motors have been converted successfully : G.E., 674, 
С.Е. 58, С.Е. 800, С.Е. 52, С.Е. 1,0004, С.Е. 554, Westinghouse 49B 
and 200, Brush 1,202, 1,002B, 1,0024, 800B, 800c. It can be taken as а 
fact that any motor which is good when series wound is good also 
as а regenerative motor. 


SAFETY OF THE REGENERATIVE CONTROL SYSTEM. 


From the foregoing it will be understood that each notch on the 
controller corresponds to a definite speed, which speed varies only 
within small limits. So long as the controller handle is left on any 
one notch, the car will run at the speed corresponding with that 
notch, practically irrespective of gradients. It will be seen, therefore, 
that if a driver be running on the sixth notch at, say, 6 miles an hour, 
and then brings his controller handle to notch 4, which we will say 
corresponds with 4 miles an hour, the speed of the car will at once be 
reduced accordingly. If the car at the time be ascending a gradient, 
the armature current will be reduced ; if it be descending a gradient, 
or running on the level, the back E.M.F. of the motors will exceed the 
line pressure, and the motors will return current to the line. 

The driver has, therefore, always under his control a most powerful 
braking effect, which is produced without any physical exertion on his 
part. A braking effect, equal to the propelling effect, and in the 
absence of which the car cannot be moved. A brake also which 
cannot under any circumstances whatever lock the car wheels. 

Most tramway accidents are caused by a car approaching a falling 
gradient at a speed greater than that at which it is desired to descend. 
The wheels are locked by the hand brake, or the electric brake may 
not build up owing to a dirty commutator, or a dirty controller. The 
result is only what one would expect—the driver loses his head and an 
accident follows. A regenerative car may drift on to a down grade 
in the same way, but with this difference, that the speed is constant 
and can be reduced by the ordinary movement of the controller handle, 
no part of the equipment and no single piece of cable being used 
which is not also used to propel the car. The car cannot accelerate 
and therefore cannot get out of hand. 

Until lately, however, there was one objection to the regenerative 
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method of braking. If a car were descending a grade, and from anv 
cause were cut off from the source of supply, the braking effect 
would be immediately lost, also the driver in shutting off his controller 
might produce momentarily the combination of a strong field and 
a high speed, thus allowing the motors to generate a voltage which 
has destroyed a considerable number of lamps and not a few station 
voltmeters. 

Both these troubles have, however, been cured, or rather prevented, 
by the device shown diagrammatically in Fig. 3. Suppose a car to be 
descending a gradient at, say, 6 miles an hour, and suppose also that 
while so doing the trolley comes off the wire, there is a tendency for 
the voltage across the motors to increase; directly this happens, the 
current in the coil А increases and trips the switch X, so establishing 
a circuit from contact E to F, and then through the resistance C to 
earth. In actual practice it is found that should the supply be inter- 
rupted as explained above, a car can be brought to a speed as low as 
2 miles an hour by the ordinary movement of the controller handle, 
the regenerated current passing through the resistance C instead of 
along the trolley wire. Thus the regenerative brake is not dependent 
for its action upon the continuity of the supply circuit. 

There are, therefore, four most valuable claims for the regenerative 
brake :— 


I. It cannot, under any circumstances whatever, or with any 
condition of the rails, lock the car wheels. 
. If it is out of order the car cannot be moved. 
. It is not dependent on the continuity of the supply circuit. 
4. The more it is used the less it costs; in fact, it pays to 
usc it. 


W N 


ECONOMY. 


The saving in current varies according to the contour of the route, 
conditions of traffic, etc. On level lines it is small, but on hilly lines 
may be as much as 30 per cent. 

Results of comparative current consumption tests on cars on the 
lines of the Bristol Tramways and Carriage Company, the South 
Metropolitan Tramways Company, and the Devonport and District 
Tramways Company are given below. Іп these three cases savings 
of 24 per cent., 267 рег cent, and 287 per cent. respectively аге 
obtained. At Bristol and on the South Metropolitan Company's lines 
at Penge, the tests were made with special cars unloaded, but at 
Devonport the meter was fixed on cars running in service. 

A special point of interest in the Penge test is that the total current 
taken by the regenerative car, before deducting the regeneration, is 
655 per cent. less than the current taken by the series motor car. 

A number of temperature readings which have been taken on 
regenerative motors after service runs on several roads are also given, 
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TABLE I. 
t 


Result of Official Tests taken at Bristol, March 14 and 15, 1906, on the 
Bristol Tramways and Carriage Company's System, with а 75-ampere 
Wattmeter. 


CAR 105.—Equipped with Raworth's В. 3 type series parallel con- 
troller and two G.E. 58 regenerative motors. 

Сав 181.—Equipped with В.Т.Н. B. 18 type series parallel com 
troller and two G.E. 58 series motors. 


Condition of Rail —Wet. 


— 


MILES. B.O.T. UNITS. 


ROUTE. Ж 
Саг 105. Саг 181. Car 105. Car 181. 

Regenera- Series Regenera- Series 

tive. Motors. tive. Motors. 


——— ee ee rl 


Tramway Centre— 


to Brislington з sis 2°85 2°85 2:95 35 
„ Centre... bs T" 2'85 2'85 1'90 24 
» Hotwells... si T 1'69 1°69 1°37 I' 
» Centre ... ds T des. 1°69 1°83 rS 
» Downs (1) jas TM I'8 1°88 4°15 4 
„ Centre... о 2 1:88 188 |— 0'20 07 
» Downs (2) 2 ane 2:66 2:66 490 54 
„ Centre ... P "n 2:66 2:66 |— 020 17 
» Horfield .. iis iss 203 3°03 4:85 92 
» Centre... а 3'03 3°03 0'75 15 
Bristol Bridge to Knowle ... 1:80 1°80 2°85 38 


Bristol Bridge— 
to Old Market 25 i 1°80 1°80 O'IO I'4 
» Kingswood — id 3°88 3°88 5:80 63 
„ Old Market oe iss 3:88 21788 0'90 20 
Bristol Bridge to Hanham . 4'30 4°30 5°30 64 
Bristol Bridge 42% — 4'30 4:30 I'30 29 


Totals... ... | 4418 44°18 38°55 51'0 


CAR 105.—Average current consumption per car-mile 0:871 units. 
САК 181.—Average current consumption per car-mile 1°15 units. 
Showing a saving of 24 per cent. in favour of regenerative car. 
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TABLE II. 
South Metropolitan Tramways Company, Ltd. 


Official tests taken with two 75-ampere B.T.H. car wattmeters 
mounted on suitable springs, etc. Test taken on July 4, 1906, on two 
cars similar in every respect except the equipments, No. 4 car being 
equipped with 1,202 B. regenerative motors and R. 3 controllers ; 
No. 10 car with 1,002 B. Brush motors and 3 A. controllers. 


Хо. 4 REGENERATIVE CAR. [| NO. то SERIES PARALLEL CAR. 


Meters. Meters. 
ROUTE. Time. Time. MILES. 
ec) алан NM Stops Е iStops 
Regene-| Taking Mins. (Average Reading | Mins. 
rating. | Current. taken.) 
2236 | 426 | — | —| 519 |2254 | — | — 
О 
Crystal Palace | 223:8 | 4672 | Io 6| 551 | 229'3 | 98| 6 | 1 %о0 
2248 | 470 | 11$ | 12] 565 | 2305 | 10} | I2 | 1:609 
uec rem Ex мше 
I2| so | 21$ | 18| 55 5'1 | 20 | 18 | 37218 
7 "Units per 
Net Units. Units per Mile. Net Units. Mile. 
38 ГІЗ 53 1:646 


Selby Road 2248 | 476 | — | —| 565 | 2305 
to 
neues 2250 | 493 | 9 6] 585 | 2325 1°54 
о 
Selby Road 225°4 | 51'0 | IO 6 | 60:2 | 23472 1°54 


ree fe | eee —-— 5 


0:6 3744 |19 | 12 4% 3'7|19$ | 11 | 3°08 


Units per 
Net Units. Units per Mile. Net Units. Mile. 
2:8 0*909 37 1:2 
Units. Minutes. — |Stops| Units. | Mins. Stops. 
ToTALS 6:6 404 30| 9o 394 29 6:208 
Average Units per Mile .. 1°04 Average Units per 
Mile ... ss. 144 
Speed, m.p.h. e 94 Speed, m.p.h. ... 95 


Saving by Regenerative Car, Crystal Palace Route 28:25 per cent. 
К M m Penge Route ... 24730 A 
Average saving by Regenerative Car T 25% 70 Ж 
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TABLE III. 


Comparative Current Consumplion Tests taken at Devonport, March 14, 
15, 19, 1906, on the Devonport and District Tramway Company's 
System, with а 100-ampere Watt-hour Meter. 


Car No. 21.—Equipped with Raworth’s R. 3 type series parallel 
regenerative controllers and two 1,002 B. regenerative motors. 
Mounted on Brush truck. 

CaR Хо. 15.—Equipped with B.T.H. К. ro controllers and two 
С.Е. 58 (6-turn) motors. Mounted on Brill 21 Е. truck. 

Note.—Although the equipment and trucks of these cars are different 
the weights of the cars are approximately the same, No. 21 being a 
trifle heavier. 


Total Miles Units Units per 


Run. Consumed. Car-mile. 


Car 15. | Саг 21. | Саг 15. | Car 21. | Car 15. | Car 21. 
Fore Street to Tor Lane and 


back ... ee T ... | 764 | 54 | 988 | 406 | 129 | 092 


Saving in current consumption by No. 21 Car = 2877 per cent. 
During tests both cars were running in service, and conditions of 
rail, traffic, etc., were exactly similar. 


The saving in current as measured on the car is by no means the 
whole of the purely electrical savings effected by regenerative control. 

The diminished output from the generating station implies 
diminished losses throughout the whole feeder system, and as the 
losses vary as the square of the current, the fact of reducing the latter 
by 20 per cent. is to reduce the line losses by 36 per cent. Ап original 
loss of 10 per cent. would therefore become 6'4 рег cent., and this in 
the case of a system with an output of seven million units yearly at 144. 
would mean a saving of £1,575. 

Again, the maximum demand on the power station will be very 
much reduced, and the variations of load will be less than with series 
motor cars. The actual mean load is at the same time diminished, 
with the result that probably one-fourth of the generating plant could 
be shut down, the car service remaining as before. Atthe same time 
the remaining generating plant would be more uniformly loaded, and 
therefore more economical. 

Now a considerable saving may also be obtained by the reduction 
іп the maintenance charges on trucks, wheels, and brakes. This is due | 
to the fact that the regenerative brake is always made use of in regular 
running, thus to a great extent relieving from duty the hand and other 
mechanical brakes. 

Not only is the continual setting, repairing, and replacing of brake 
gear done away with, but brake blocks, which ordinarily wear onlv a 
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TABLE IV. 


Temperatures of Regenerative Motors. 


| Temperature іп Бер. Fahr. 


| 


Tramways Со. Fore Street. 


——— |—MÓ d— |o0—— 
— ——— M — — 


4 | p 
Eo . 
т = 9$ [9.9.2945 6 | Timein Servic 
System. 5 | Motors. 5 vi zW E jl 5 | “and Section. 
) = КЕРЕ КЕЕ 
| < |2” а^ ae: 
| South Metro- 143 hours on 
politan R. 3 | 1,202 B. | 63 | 142 | 164| 159| 155 Selby Road 
| Tramways. and Penge. 
| politan R. 3 | 1,202 В. | бо | 138) 158 | 154 | 152 dc 
Шы Palace Hill. 
| uM MEC E GE e M dE А E 
‚ Devonport and | 10 hours on Tor 
| District К.3 | 1,002 В. | 57 “| 106 | 112 | 128 Lane and 


II hours 
Devonport and оп 


South Metro- 12 hours on 


Le Pennycome- 
| 56 | 126 пу 
meo m R. 3 | 1002 В. | 56 | 1 126 142 14 quick and 

ы | | St. Budeaux. 

Birmingham and II hours on 
Midland К. 3 | 1,002 B. | 46 | 153/168 150 /154| Station Road 
Tramways. | | and Yardley. 

| MON Етектен ee --- кер ркен жене БЕ» 

Yorkshire | | | 14 hours on 
| Woollen R. 3 | 1,202 B. | 68 125/126, 145: 175| Dewsbury and 
District. | Cleckheaton. 


---|-|-----  5---- ЖЕ 


| А 
Bristol Tram- 14 hours on 


| 
ways and К.3 | С.Е. 58 | 53 139/168. 147 151 Knowle and 
Carriage Co. 6 T. | | | | Bristol Bridge. 


i 


few wecks, will last several months, records being available which show 
a life of from 20,000 to 30,000 miles. As the grinding away of the 
wheels, due to the application of the brakes, is also done away with, 
the life of the whcels is considerably increased. Even in hilly districts 
the figures which we have obtained from users of the system indicate 
a Ше of about 60,000 miles for chilled wheels with regenerative con- 
trol, which is about double the life under ordinary conditions. The 
automatic action of the regenerative control brake for regular running 
also does away with the chief causes of flatted wheels. 
VoL. 88. 25 


Professor 
Crapper. 
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Now, to take an example of what these savings would mean to a 
tramway undertaking running, say, 250 cars, and using, say, 10,781,227 
B.O.T. units yearly. 

The cost of current at o:'8d. per unit would be £44,920. 

Assuming now that this sum would be reduced 25 per cent., an 
annual saving of £11,230 would be effected. 

The saving in costs for repairs and maintenance, we will assume, is 
£15 рег car per annum for trucks, wheels, and brakes—a fair estimate, 
I think, but possibly a little low. 

The total yearly saving, therefore, in current, and in repairs to 
trucks, wheels, and brake gear, would be "T -— ... £11,230 


3,750 

£14,980 

or enough to pay for the conversion of all the cars in two and a half 
years. 


DISCUSSION. 


Professor E. H. CRAPPER: In thinking about the subject of the 
paper, I recall a statement that was made some ten years ago when 
reference was being made to the principle of the emergency brake at 
the time when electric traction was new. Professor Ayrton made a 
remark that he would not like to recommend the free use of the 
emergency brake, because the motor ought to have a certain period 
for cooling, and that would not be possible if they were going to 
make use of the motor asa generator. I wonder whether this is the 
reason why so long a period has elapsed from 1885, when Mr. Sprague 
expressed himself as to this principle, to the time that Mr. Raworth 
took up the question. At the same time we must all congratulate 
Messrs. Raworth for the ingenious solution of the problem, and for 
having overcome a tremendous number of difficulties. I should like to 
know whether they have considered the question of the rating of 
motors. Can they say that a motor of given horse-power will do the 
work and not exceed a certain working temperature fixed as the 
standard for the rating of motors, i.e., can they expect that it will keep 
its temperature less than 100° Е. above the surrounding temperature > 
This matter secms to be of vital importance, and the capacity of the 
motors used should comply with the conditions with regard to rating, 
and the temperature, of course, is the important item. I am quite 
prepared to admit that if cost was left out of the question it can easily 
be done, and I think that Messrs. Raworth have solved the problem in 
a very Satisfactory degree. Another point of vital importance is the 
life of the motor. Whether Messrs. Raworth have had sufficient 
experience is doubtful, and perhaps they will not be able to make anv 
statement on this point. Until a moment ago I was under the impres- 
sion that the motor was a shunt motor, and it is interesting to note the 
valuable part played by the additional series winding in this method of 
regenerative control, 
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Мг. А. В. FEARNLEY : It must be very gratifying to Messrs. Raworth 
to find regenerative control giving satisfaction at the present time, 
for they have encountered considerable difficulties and opposition in 
their efforts in endeavouring to solve this problem. I do not agree 
with the author in every respect, but no doubt he will be able to 
enlighten me on the points at issue. Regarding the temperatures, 
these are put down at least 25 per cent. higher than those we get 
with series motors оп the Sheffield tramways. If we are to have а 
saving of то per cent. in current, and in turn an increase in renewals 
and maintenance, there will be little or no gain in adopting the 
regenerative system. It has been remarked in a polite manner in 
the advertisements of the supporters of this apparatus that there is 
alack of appreciation on the part of tramway managers generally in 
not taking up this question in a sufficiently eager manner. It is not 
altogether a question of theipower bill, but of the general financial 
result. If we are to gain in the power bill at the expense of another 
equally important department, I do not sce the justification for the 
change. With reference to the author's statement that it is possible to 
obtain 60,000 miles from chilled wheels with regenerative control, I 
should be very much interested to hear where they are getting these 
results with chilled wheels of any description, as it is a considerable 
improvement on my experience in this direction. I had the pleasure 
of an invitation from Mr. Raworth to visit certain towns, including Bir- 
mingham, Spen Valley, Scarborough, and Penge, to inspect the apparatus 
under trial, and I am pleased to say that on each visit I found some 
improvement on the previous place visited, and at Penge, the last place 
visited, considerable improvement had been made, yet even there I did 
not see anything which would justify me in changing over from the 
Present equipment to regenerative control. I do not agree with Mr. 
Raworth respecting the safety of cars equipped with regenerative 
equipment, as in my opinion there is exactly the same danger with this 
type as in coasting with a magnetic track brake, and for a town of 
considerable gradients which gives the advantages to the regenerative 
principle it would also, in my opinion, be attended with considerable 
risk if the regenerative control was used as the brake. 

Мг. В. L. ACLAND: As regards the acceleration of these cars I should 
like to ask the author how it compares with the ordinary serics parallel 
control, as this point would be of great importance on a large system. 
We are all aware that with the series parallel control a very high 
acceleration can be obtained. І should also like to ask how the Board 
of Trade views the system, and whether they permit the use of only the 
hand-brake with the regenerative control, or whether they also insist 
onathird brake for emergency. I should like to know what would be 
Ше effect оп the generator if several of these cars in parallel were 
tunning down hill, and tending to run the generator as a motor, as 
might be the case on a small system, as at Chesterfield, where there are 
only six or seven cars on the linc and the load ammeter often drops 
(zero. It would be interesting to know how this difficulty is over- 
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come. I have had considerable experience with the magnetic track 
brake, which, although I consider it to be one of the best from the 
point of view of safety, undoubtedly puts much more work on the 
armature, and thus causes higher maintenance costs. It appears to me 
that if motors are to be used almost continuously either as motors or 
generators the ordinary rating must be decreased and larger motors 
used, or the upkeep will be very much higher, the same remarks 
applying to both the “regenerative control” and to the use of the 
magnetic as a “service” brake. When an armature burns out on the 
road, according to the diagram submitted, I understand that the motor 
is cut out in the same way as on the series parallel controller. Regard- 
ing the automatic cut-out carried on the cars, I understand that if a car 
is coming down a gradient and the trolley comes off, this arrangement 
is brought into action when the voltage on the motors (running as 
generators) rises to 600, putting the other pole to “earth” through 
а resistance and using the motors in the ordinary way as а rheostatic 
brake, but if the commutators are not clean there seems to be a danger, 
with the increased voltage, of flashing over before the coil on the 
automatic switch has time to operate. 

Мг. Н. Е. YERBURY (communicated): It appears to me that the 
change from ordinary series control to series parallel has been the 
salvation of the regenerative system. I admit that I was very much 
disappointed at the result of my visit to Devonport іп 1904, when I was 
instructed by the Tramways Committee to take tests and report generally 
on the system. No useful purpose would be served if I gave the figures 
then obtained respecting current consumption, temperature of motors, 
or described the brilliancy of the pyrotechnic display which I witnessed 
on lifting up the motor covers when the car was mounting a steep 
incline, with the shunt field weakened to the extent necessary to give 
a reasonable specd. Iam glad to learn these troubles are now over- 
come, and I have no doubt that my faith in regenerative control will 
be considerably strengthened, if I do not become an actual convert, 
when I һауе another opportunity of inspecting and testing the system. 
From a theoretical standpoint the system may be called ideal, for we 
are all anxious, not only for the safcty of passengers, but that the 
motormen should be relieved as far as possible from the manual 
labour which is now entailed in the application of the ordinary hand- 
brakes, and I look upon the saving in current consumption of secondary 
importance when compared with the advantages of an easy, safe, and 
economical method of control. Respecting current consumption and 
the saving effect of regeneration, it appears to me to be reduced to a 
somewhat fine limit, as I understand that a car must be travelling over 
4 miles per hour before any useful regenerative effect is attained, 
and when the voltage from the motors increases up to, say, 600 the 
useful effect of regeneration is cut off by the automatic switch, which 
I ain told now effectively prevents the original troubles, such as burnt- 
out lamps, opening of circuit-breaker at power station, and occasional 
reversals of generator polarities, and other irregularities of a disturbing 
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character. I am somewhat surprised to note that on опе test at Penge 
it was found that 65 per cent. less current was taken by the regenera- 
tive car (ignoring the regencrative effect) than by the series motor car. 
As I have vet to learn that a shunt-wound motor is more efficient than 
a series motor, I would like to ask Mr. Raworth how he accounts for 
this reduction and whether it is brought about by the more rapid rate 
of acceleration. I am inclined to think that the controller handle on 
a regenerative car needs more careful manipulation than is sometimes 
seen in the “slashing round” on the ordinary series parallel equipment, 
and I would like to ask Mr. Raworth the estimated life of a motor with 
a commutator and coils working at a temperature of over 100? F. above 
the atmosphere. ‘I am of opinion that the best results (including 
reasonable life) will be attained by having larger motors and, if 
possible, ventilated carcasses, although I note that the author of the 
paper boldly states that it can be taken as a fact that any motor 
which is good when series wound is good also as а герспегайуе 
motor. 

Mr. E. J. MansH : I should like to ask the author if the arrange- 
ment which he describes for automatically cutting out when the 
voltage reaches 600 replaces itself, because if so it seems likely to 
cause considerable trouble if the controller happens to be half open ; 
or perhaps the motormen are instructed to put it back? И it needs 
to be replaced, I imagine that a good many of the drivers, when they 
find that thev cannot get power to the motors, will be found sitting 
in the car waiting for the power to come on. I should also like to 
know what would be the effect on the motors and equipment with 
this svstem in the event of the controller being turned from the first 
to, say, the fifteenth notch without a pause. This is frequently donc 
with the series parallel equipment without serious damage. Regarding 
the tests at the end of the paper, I should like to ask whether these tests 
were taken with an ammeter in front of the man who was driving the 
car, and whether he was an ordinary motorman, whose chief thought 
was how to get from one end of the city to the other. I am of opinion 
that if the ammeter was in full view it would be possible to get much 


better results by keeping the car at certain speeds than by the ordinary | 


method of using the controller. 

Mr. Е. А. Parts: The company I represent has fourteen cars 
equipped with the first-evolved series parallel controllers. I did not 
notice in Mr. Raworth's paper the interesting and historical fact of thc 
birthplace of this controller, and in justice to the company I represent 
this ought to be mentioned. The unfortunate conditions under which 
the system has had to be worked up to the present prevent us from 
fully profiting by all its advantages. Regarding the supply of current, 
Power is taken from four different authorities, who have different units 
of plant. In one authority's boundary equipped with accumulators we 
have no trouble, but in all the others there is trouble owing to the 
return current, so that we have to coast down the hills to prevent the 
back current-breakers from coming out. А good many lamps have 


Mr. 
Yerbury. 


Mr. Marsh. 


Mr. Paris 


Mr. Paris. 


Mr. Baylor. 


890 RAWORTH : REGENERATIVE CONTROL OF ELECTRIC (Leeds, 


been broken in consequence of the high E.M.F. generated as soon as 
the station breaker comes out, but all these troubles are to disappear as 
soon as the apparatus shown in Fig. 3 of the paper is installed. What 
we can say is that we have very little repairs and adjustments to make, 
and that when we are in full swing and free from the station troubles, 
a saving of current as well as a considerable saving in wear and tear 
of brakes and in labour will no doubt result. As only a fifth of our 
cars are fitted, the saving in current over the whole system does not 
amount to more than about 5 per cent., if as much ; taking current at 
I'sd. per unit, they should save 75,000 units, or, roughly, £464. The 
saving, however, in other directions should make this figure quite 
acceptable as a set-off against the extra outlay. One important point 
about cars equipped with this svstem of control is that they are far 
less likely to collide. The car is kept better in hand than with the 
ordinary series parallel controller, in conjunction with which the hand- 
brake is required. I do not think that we have had any collisions with 
cars fitted with regenerative control. 

Mr. А. К. Влүһов: I should like to mention a few practical points 
that have been referred to by one or two speakers, showing that in the 
minds of the speakers—and it seems to be very general among tram- 
way engineers—anxiety exists as to working tramway motors as gene- 
rators. It seems to be the general opinion that the operation of the 
regenerative system introduces certain disadvantages in the practical 
working of the car that series parallel control does not possess, Asa 
matter of fact, ever since traction motors have been in general use 
every engineer has had his eye on regeneration, He has known of its 
possibilities, and it has only been a matter of practicability. Тһе сайу 
motors could not be handled in this way because of excessive heating 
and sparking. Although the motors must heat more than they would 
with ordinary series parallel control, yet this heating does not extend 
into a dangerous zone. In fact, the heating and sparking difficulties 
have practically disappeared, and it is possible to take advantage of the 
great saving in current and also in whecl and brake wear and tear 
without attendant disadvantages. Mr. Raworth has, during the last 
few years, worked out and perfected the controller and the various 
accessories, such as the high-voltage cut-out switch, etc., which have 
been found necessary in actual practice. The equipment, as it exists 
to-day on many cars throughout England, is in every way practicable, 
and in accordance with tramway engineers' ideas of standard practice. 

As regards the working of the system, I would mention the Crystal 
Palace line. This place is particularly adapted for demonstrating the 
principle of regenerative control. It is very steep, and at the foot of 
the hill there is a series of undulations, which give an opportunitv of 
showing the regenerative effect particularly well. On a hilly line like 
this the additional safety due to regenerative control is especially 
emphasised. Аз to the handling of the controller, one speaker 
asked what would happen if the man brought his controller handle 
back too rapidly. Supposing a man with an ordinary series parallel 
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controller brought his handle rapidly from the first notch to the last, 
he would bring out the circuit-breaker or blow a fuse, or something 
else undesirable would happen. Тһе men do not do it, because they 
are told not to do so. They become accustomed to the equipment, and 
they do not do it. They would quite as readily become accustomed to 
the regenerative control, and would not bring their handles back too 
quickly. If a man should do so he would probably be thrown over the 
dasher into the street, and would not want reminding again. If we 
take the evidence of the men themselves, we are told that they much 
prefer the regenerative control. I have handled tramcars on various 
gradients, and I am sure that in hilly districts it is no joke to bring a 
heavy car down on its brakes, but when a man feels that he has got the 
whole of the load under his control without any muscular effort, it adds 
greatly to the safety of running, because it relieves him of the nervous- 
ness which often prevails. 

The accidents which have occurred at Highgate and elsewhere, and 
on which the Board of Trade has been reporting recently, emphasise 
the safety of regenerative control, and I venture to say that the High- 
gate car was in perfectly good braking condition when it went over the 
brow of the hill, but for some reason or other the man allowed the car 
to accelerate, and, after it got beyond a safe point, he was either unable 
to pull it up or lost his head. After that the accident was inevitable. 
With thc regenerative system the car can be taken over the brow of 
the hill with the brakes thrown entirely off and the controller handle 
set on one of the early running notches, say 4 or 5 miles per hour, and 
the car will glide down the hill at that speed. И cannot go any faster 
or any slower. It cannot get out of hand. This point appeals to 
everybody using cars in hilly districts. I am perfectly satisfied that in 
а very few years regenerative control in some form will be absolutely 
universal on tramcars. 

Mr. Н. C. Jenkins: There is one point I should like to mention. 
The author states, regarding tramway accidents generally, that the 
electric brake may not build up owing to a dirty commutator or a 
dirty controller. I imagine that the same thing would happen with 
the regenerative control, as there would be a break in the circuit as 
with the electric brake. | 

Мг. В. С. GoLpsroN: Having personally operated both kinds of 
cars, [am perhaps in a better position than most people to speak as 
to their performance. First of all, with regard to the difficulties in 
operating, no matter what the rails or gradients may be like, prac- 
tically the same results can be obtained with a regenerative car as 
with a car fitted with ordinary series parallel control. There is a 
little difficulty in starting. Оп a steep gradient, with unfavourable 
conditions of rail, there may be a little more difficulty in starting 
with the regenerative control, because, as the diagram shows, the 
résistance notches to start with are rather less in number than those 
on ordinary controllers. There are more notches on the ordinary 
Controller than on the one before us ; therefore the notches must be 
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further apart and the jumps accentuated. This is the only difficulty. 
With regard to running down hills, the effect of the regenerative car is, 
of course, to give the motorman every confidence, as on descending a hill 
the controller is not switched off, but is still kept on one of the running 
notches according to the speed required. The car will then travel 
downhill at the same speed as it would on the level or uphill, the 
difference being, of course, that the motors аге giving back current, 
taking a small amount, or taking a large amount, according to the 
gradient. The fact of the car not accelerating when it gets over the 
brow of a hillisa great point in the matter of safetv. There is опе 
point regarding the descending of very steep hills, and that is, if. you 
have track brakes on the car it is just as well to apply them, becausc if 
the gradient is very steep, say 12 or 13 per cent., the wheels are liable 
to slip (not skid, for you cannot lock the wheels), but the momentum of 
the car is liable to overrun the speed of the whecls, and the car may be 
slipping down. Ifthere isa track brake fitted to the car, by applying 
it as before stated any tendency to slip is eliminated. We have 
mechanical track brakes fixed to our cars, and it is invariablv our 
custom to use them. Оп the ordinary hills this cffect is not so 
serious. Regarding the life of the motors, the heating is slightly 
higher than those of the ordinary series parallel type, but with a 
Brush 45-H.P. motor rated at 125? Е. temperature rise after т hour 
run at full load, the temperature rise above zero, in a number of experi- 
ments, was as follows: The temperature of the shunt winding rose 
to 150° Е. The temperature of the armature rose to 160° Е. With 
the ordinary series parallel controller fitted on an exactly similar car 
and running ovcr the same road, the temperature of the armature 
winding was 120? F. and the temperature of the field winding roo? F. 
The number of hours that the car ran was 15. It will therefore be 
secn that the difference in temperature is very little, and is well within 
what the makers of the motors guarantee as their rated temperature. 

The difficulties with the armatures with rcgenerative control arc of 
little moment, and I can say that we have never had an armature burnt 
out with this svstem. Аза matter of fact, also, we have never had an 
armature burnt out, through any electrical fault, on a car fitted with 
Westinghouse brakes. 

With regard to maintenance, a very considerable saving has Һсеп 
effected, such as the upkeep of brakes and other parts which have to 
be seen to every day. With the ordinary series cars running on some 
of the worst routes the brake blocks last from five to six wecks (the 
cars do not run every day, but every second day, as there is practi- 
cally a double shift), but with the regenerative cars I find that brake 
blocks last from five to six months, which is a very big saving both 
in material and labour. The adjustment of the brakes of an ordinary 
car must be carried out on an average about every day, but the adjust- 
ment of the brakes on cars fitted with regenerative control about once 
а weck. They are, of course, examined every day, but the adjustments 
are not necessary. I also find that the adoption of this system docs not 
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mean an increase in staff for the то extra cars which we have, and that 
exactly the same staff deals with the work. Theonly other item of impor- 
tance is the power supply. We have four power stations to deal with and 
four different systems of supply. With one of them which consists of 
shunt machines with a battery and booster we have no trouble, as the 
regenerative cars when returning current to siation simply charge 
the battery. Тһе other systems have compound machines without 
batteries, and one of them has the reverse current-breakers set to a 
very sensitive degree, so as to come out at 15 or 20 amperes of reverse 
current. In consequence of this regenerative cars are not run on 
this section. In the other two the reverse breakers are not nearly so 
sensitive, and therefore not very liable to open. Although the current 


is sometimes cut off, we have never experienced any ill effects аз’ 


regards safety. Тһе motormen were aware of what had happened, 
and applied the ordinary brakes and pulled up. In addition to the 
ordinary brakes (hand and track) there is the rheostatic brake similar 
to that fitted to the ordinary series parallel cars, which can be 
used when the current росв off. Another point with regard to 
current going off or the trolley being de-wired: even if this happens 
the shunt motors will retain their fields for a certain time so that the 
car can drift down the hill without accelerating, and eventually come 
to a standstill without danger of running away. 

Mr. Н. О. WRnarrH : The principal objection to this system of re- 
gencrative control appears to be the temperature rise in the motor and 
sparking. То get over the heating is surely only a matter of increasing 
the quantity of material in the motor. This, of course, adds to the capital 
cost of the equipment, but if a saving could be effected, as in the cost of 
upkeep of brakes, it appears worthy of adoption. ] am not a traction 
engineer, but I have had a good deal of experience with both shunt 
and compound wound motors where the speed has to be varied under 
more severe conditions than in a tramcar, and it is wonderful what a 
properly designed motor can stand. Тһе case in my mind is an idea 
used for reciprocating machinery where the motor is reversed and has 
0 run at different speeds when running forward and when rcversed, 
and we have to make use of regenerative and other effects for reversing 
the motor. If Mr. Raworth has trouble with sparking and flashing on 
the motors, I think the electrical design of the motors is at fault, 
and this should be easily remedicd. Regarding the handling of the 
controller, although, of course, it should not happen, we cannot avoid 
getting a certain amount of mishandling at the hands of the average 
tram-driver, and I would like to know what really has been the 
experience of the result of rough usage of the controller with this 
system. It would also be very interesting to hear how the capital cost 
0 the regenerative control equipment compares with that of the 
ordinary series parallel system. 

Mr. W. N. Y. KiNG : I should like to ask Mr. Raworth how the con- 
ditions of service affect the amount of energy returned to theline. For 
instance, with a service where the stopping-places are only a short dis. 
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tance apart, and consequently the cars pull up every minute, the amount 
of energy returned to the line would be less than in a country district 
where the stopping-places are a considerable distance apart. In 
Sheffield the gradients are very steep and of considerable length, some 
of them 2 miles, but still the cars have to stop very frequently, and 
under these conditions there would not be so much energy rcturned to 
the line as may be expected from the gradients. 

Mr. WM. BAXTER (communicated): In this paper Mr. Raworth raises 
the old question when he says that “It can be taken as a fact that any 
motor which is good when series wound is good also as a герепегайхе 
motor." I presume that the full field speed of the re-wound motors is 
kept down to the same figure as when series wound. This being the 
case, it is very difficult to see how a greater temperature rise can be 
avoided. For instance, take the case of the motors running on the 
route from Selby Road to Crystal Palace and back. So far as the 
motors are concerned, the regenerated output has just the same 
heating effect (per unit, in a given time) as the input from the line. 
For the regenerative car the sum of these units amounts to 6'2, against 
53 (average) for the series parallel car. The average load on the 
regenerative motors is thus 17 per cent. greater than that on the series 
parallel ones. In this connection the temperatures given in Table IV. 
are of little or no value without corresponding figures for series parallel 
motors running оп the same routes. Again, unless the re-wound motors 
are fitted with commutators having an increased number of segments, 
the sparking constants, when running on notches 14 and 15, will not be 
as good as they were before re-winding. Raising the normal speed of 
the motors would, of course, help to get over the sparking difhculty, 
but higher gear ratios would be necessary. As these usually run about 
5 : I, very little can be done in this direction. Full data for а re-wound 
motor would have made Mr. Raworth's paper still more interesting, 
at least from а designer's point of view. On studying Table Il., 
the first thing that strikes one is that one of the meters, while on thc 
series parallel car, ran at least 8 per cent. faster than the other, for 
part of the time. Аз this meter had previously been used for 
measuring the intake on the regenerative car, it is quite possible 
that the net units (3:8) are overstated, and that consequently the 
saving by the regencrative system is understated. In this connection it 
would be interesting to know if there was any reason for stopping the 
car twelve times going down to Selby Road and only six times going 
up the hill to the Crystal Palace. 

Mr. J. S. RawonrH : There is one element in the theory of regenera- 
tion which is apt to be lost sight of, namely, that for any given field 
strength there exists a definite speed of armature varying only to a very 
slight degree as the machine changes from motor to generator, and 
secondly, that with any given armature speed the field strength is the 
same whether it be produced by shunt winding or by series winding. 
As regards heating, it is obvious that the regenerative motor must run 
at a higher temperature than the same size of series motor. The 
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practical question to be decided is, does the higher temperature exceed 
the safe limit, that is to say, the temperature at which deterioration of 
the insulating material commences? Ор to a certain temperature, 
which is certainly not less than 212° F., there is no deterioration, but if 
the limit be passed the destruction of the cotton is completed in a very 
short time. This is common knowledge. One of the great advantages 
of the system described in the paper is that it can be applied to exist- 
ing motors, but we never undertake to converta motor which is already 
overworked, and if we supply new motors we select some with a good 
margin of power. _ 

The tests of temperature quoted іп the paper апа by Mr. Goldston 
show that the heating is not excessive. I had some time ago to con- 
sult no less an authority than Mr. Parshall on this question of heating. 
I mention this because there secms to be an idea in the minds of somc 
of the speakers that if the temperature of a motor be limited to 120? F. 
the insulation will last longer than that of a motor which attains а 
temperature of 140? Е. My opinion is that it does not. I put 
the question to Mr. Parshall, and he said he did not know exactly 
where the danger limit was, but he knew that 160? was well inside 
the limit, as all the motors on the London Electric Railways are 
running at that temperature and give no trouble. Provided, therc- 
fore, that we do not go beyond the limit of safety, we are not more likely 
to burn out at 160° than at 120°. As regards sparking at the com- 
mutator, this has entirely ceased now that we have perfected the 
paralleling controller. With the old series controller, careless driving 
produced sparking. Тһе points raised іп Mr. Baxter's communication 
are nearly the same as those referred to by other speakers. The 
normal specified rise of temperature on one hour's test at rated load is 
75 С. or 135°F. Тһе quoted tests show that this limit is never 
reached. There is no necessity to redesign the commutators or to 
increase the armature speed to cure sparking, because there is no 
sparking. Тһе reason why the car stops more frequently іп descend- 
ing the Crystal Palace Hill than in ascending is because the Board of 
Trade has fixed a number of compulsory stops on the down grade. 
With regard to the safety in descending hills, there seems to be a 
general impression that in the event of the trolley leaving the wire we 
lose control of the car. I think this is put perfectly clear by the diagram 
submitted, that when the trolley comes off the motors are immediately 
put to earth ; but in addition to that, if anything happens within the con- 
troller or within the motor itself, when the handle is brought round on to 
the braking position we get on to a new set of contacts exactly similar 
to those in an ordinary series parallel controller, for the static braking. 

There is just another point I may mention, namely, that if the cars 
Proposed to be converted are already fitted with magnetic track brakes 
they will act a good deal more effectively with this controller and 
these motors than with the ordinary series motor, because they are not 
dependent on building up after the handle is moved on to the 
braking notches. 
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Mr. ALFRED RAWORTH (іп reply): I am exceedingly obliged for the 
kind way in which the paper has been received. Мг. Fearnley savs 
that the temperature readings which I have given аге at least 25 per 
cent. higher than those which he has obtained in Sheffield. This may 
be so, but they were taken on different types and sizes of motors and 
on various roads, and I think every one will agree that they are not 
excessive. Mr. Goldston has handed to me the following table of 
some temperature readings which he has taken on both series and 
regenerative motors on the Yorkshire (Woollen District) Tramways, 
which afford a very interesting. comparison. The weight of the cars in 
all cases is 9 tons, and they were in service for sixteen hours. Тһе 
type of motor is 1202 B. Brush, the regenerative motors being scrics 
motors re-wound. 


'TEMPERATUREs. 


| | Series Motors. Regenerative Motors. 


| 
| 
t 
| 


1322 F.; 148°Е.; 135° F. | 


| Armature Winding... | 120? Е.; по? Е. 


| 


Commutator us 132? F. 170° Е. 
Field Windings — ... | 105? F. ; 100? F. | 120? F. ; 102? F. ; 130° Е. 
Atmosphere ... бє: [85° В. 00" F.. ^? 55° F. ; 60°F. 


Mr. Fearnley said that in his opinion a car working on {һе regene- 
rative motor brake is subjected to exactly the same danger as а саг 
coasting on a magnetic track brake, but this is a mistake. Тжо of the 
disadvantages of the magnetic track brake are that it often locks the 
car wheels and that it is put entirely out of action if the wheels are 
locked by the hand-brake. But the regenerative brake cannot under 
any circumstances whatever lock the car wheels, and it is entirely 
independent of and unaffected by any other brake. Replying to Mr. 
Acland, the acceleration obtained is the same as with series motors оп 
the low specds, but it is much better on the higher speeds. The Board 
of Trade has so far expressed no opinion officially with regard to the 
safety factor, but I believe that the regenerative system is very favour- 
ably viewed by their advisers. Mr. Acland also asks what would 
be the effect of a current returning to the station. This contingency 
is provided for in the following manner: Should a reverse current 
reach the station, a relay actuates an electromagnetically operated 
switch, which closes a circuit between the busbars through a resist- 
ance. Immediately the current assumes the normal direction the 
switch resets itself. This apparatus effectually prevents any damage 
being done to power station gear. The controller shown diagram- 
matically in Figs. 1 and 2 is provided with the usual motor cut-outs. Mr. 
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Acland is correct in saying that the braking power of regenerative 
control should, especially at this time, be very carefully considered by 
tranway managers. Mr. Baylor has most ably described the chief 
points of the braking function, so I will not go over it again; but the 
qualities that more particularly deserve attention are the impossibility 
of locking the wheels and the fact that the car is always under control 
and therefore cannot accelerate to dangerous speeds, which, once 
attained, are so difficult to check. Мг. Yerbury, when he inspected 
regenerative cars at Devonport іп 1903, saw only the very earliest 
development, when the motors were permanently connected in series ; 
this arrangement has since been abandoned, and all the defects which 
Mr. Yerbury noticed on that occasion have now been eliminated. I am 
glad to hear that Mr. Yerbury admits the perfection of the regenerative 
system from the theoretical standpoint, but he is wrong, however, in 
thnking that the regenerated energy is decreased by the automatic 
switch diagrammatically shown іп Fig. 3. This switch only operates 
when the voltage across the motors rises above боо, and this only 
happens when an open circuit occurs, either through the trolley leaving 
the wire or a circuit-breaker opening. All the troubles which he 
mentions are prevented by this switch, and it also has the advantage of 
making the braking of the car independent of the continuity of the 
supply circuit. Should a trolley leave the wire, the switch operates 
immediately, and the motorman can reduce the speed of the car to 
? miles ап hour by the ordinary movement of the controller handle. 

Mr. Jenkins's conclusion that a dirty commutator or controller 
might influence the braking effect of regencration is wrong. The 
circuits used for regenerating being exactly the same as those for 
Propelling, and the voltage slightly greater, it follows, therefore, that if 
the motors will not regenerate they will not pull, and consequently the 
car cannot be taken ош. Replying to Mr. Marsh's question, the auto- 
matic switch which operates when the trolley leaves the wire does not 
reset itself, but I fail to see that a motorman would be more likely to 
leave it open than he would the ordinary overload circuit-breaker. 

Аз regards the tests at the end of the paper, those at Bristol and 
Penge were made on special cars, and the motorman knew that a test 
was being made; but this is true of the series motor car also. The 
instruments were in both cases inside the car, and therefore out of sight 
of the motorman. In the case of the Devonport cars the tests were 
made while the cars were actually carrying passengers in service. Mr. 
Wraith asks the extra cost of a regenerative equipment over a 
standard type. This is approximately £40 рег car. I would also 
remind him that we have not so far designed a motor for герепегайуе 
control. АП the motors which are running герепегаНуе]у are “ series 
motors" with the series coils changed for shunt coils. Mr. King asked 
how the conditions of service affect the amount of energy returned to 
theline. In the case of going up a gradient a car may have a straight 
fun up. In another case the car may have to proceed up the hill 
behind a coal cart, and consequently the driver may have to run on the 
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resistance notches, and therefore much less economically. 1 think that 
I have now replied fully to every one's questions and criticisms, but 
before sitting down I should like to pay a tribute of appreciation and 
thanks to Mr. Paris and Mr. Goldston for the very valuable assistance 
which they rendered during the experiments with, and the development 
of, the series parallel type of controller. 


On the conclusion of the paper a cordial vote of thanks was passed 
to the author by the meeting. 
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BIRMINGHAM LOCAL SECTION. 


THE HEATING COEFFICIENT OF MAGNET COILS. 


Ву С. А. LisTER, B.Sc., Associate Member. 


(Paper read December 12, 1906.) 


SvNoPsis.— Introduction— The Heating Coefficient: the mean final 
temperature rise, the maximum temperature, the surface per watt—Variation 
of the Heating Coetficient—Actual Values of the Heating Coefficient : 
(1) Coil supported іп air; (2) coil т position on machine, machine 
stationary ; (3) machine running light at normal speed ; (4) machine running 
fully loaded—Conclusion. 


Introduction.—When discussing R. Goldschmidt's paper * on “ Tem- 
perature Curves and the Rating of Electrical Machinery," Professor 
Silvanus Thompson called attention to the discrepancies which exist 
between the figures for the heating coefficient of field coils as quoted 
by various authorities. By the heating coefficient is meant the mean 
Бла! rise of temperature above that of the surrounding air which 
would occur could the coil absorb energy at the rate of one watt 
рег unit of radiating surface. Taking the temperature rise in degrees 
Centigrade, and the square centimetre as the unit of surface, the 
figures range from Esson's 355 to Goldschmidt's 1,500. 

The great range of these figures is partly due to the entire lack 
of agreement as to what portion of the surface of the coil should be 
looked upon as radiating surface. Some experimenters have considered 
the outside cylindrical surface only, others the outside surface plus the 
ends, and others again have taken the whole surface. But even if the 
hgures be reduced to a common basis in this respect it will still be 
found that they disagree to a great extent. This may be accounted 
for bv the fact that the experiments were carried out under different 
conditions on different types of coils and machines, and that a standard 
method of ascertaining the temperature rise was not adopted. 

Within the last few years several papers and articles on the heating 
of magnet coils have been published,t but the work done has been 


% Fournal Institution of Electrical Engineers, vol. 34, 1905, p. 660. 
| $ E. Brown, “ Rise of Temperature in Field Coils of Dynamos,” Yournal Institu- 
hon of Electrical Engineers, vol. 30, 1901, p. 1159; Neu, Levine, and Нау, “ Heating 
of Magnet Coils,” Electrical World and Engineer, vol. 38, 1901, р. 56; E. H. Rayner, 
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mainly in the direction of determining the temperature gradients 
throughout the coil, rather than the mean temperature rise, upon 
which the heating coefficient depends. 

There can be no doubt as to the value of reliable figures of the heat- 
ing coefficient to designers and manufacturers of electrical machinery. 
Upon the value used in the design depends the temperature rise of 
the machine, and consequently the rating. It has become more 
important since the recent revival of commutating poles, the use of 
which has done so much to increase the sparking limit of machines. 
It was felt, therefore, that further experiments on the temperature rise 
of magnet coils of various types and under various conditions should 
prove useful. 

By the kind permission of Professor Kapp I was able to carry out 
a number of such experiments in the Electrical Laboratory of the 
University of Birmingham. The results of these experiments will be 
found in the following curves, and I have also availed myself of 
the data published in the papers to which reference has already 
been made. 

The Heating Coeffictent—The heating coefficient as applied by the 
designer of electrical machinery is expressed by— 


where— 


t = Mean final temperature rise in degrees Centigrade. 
5, = Coil surface in square centimetres рег watt dissipated. 
C, = Heating coefficient. 


The mean final temperature rise is given by the difference between 
the mean temperature of the coil when it has reached a steady 
value, and the temperature of the surrounding air. The method of 
measuring the temperature of the coil by a thermometer is unsatis- 
factory. This is due to the difficulty of obtaining consistent readings, 
and also to the fact that the temperature of a coil varies considerably 
at different portions of its surface, as has been pointed out by Messrs. 
Brown and Rayner. 

The safer way is to determine the temperature by calculation based 
on the observed increase of resistance. This gives the mean tem- 
perature throughout the coil, and is the method which has been used 
іп the tests here recorded. "The actual resistances are conveniently 
determined by means of a voltmeter and ammeter. Care, however, 
must be exercised, as an error in estimating the resistance is consider- 
ably magnified in the final result. Again, the current taken by the 
voltmeter, if allowed to pass through the ammeter, may easily introduce 
ап error of as much as 5° of temperature. It is also preferable that 
the resistance of the coil when cold be measured by the same instru- 
ments as those which will be used during the test, the measurement 


" Report on Temperature Experiments carried out at the National Physical Labora- 
tory " Fournal Institution of Electrical Engineers, vol. 34, 1905, p. 613. 
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being taken as soon as the current has reached a steady value after 
switching оп. 

The Maximum Temperature.—The ratio of the maximum to the 
mean temperature of a coil varies with its dimensions and design, and | 
according to the conditions under which it is worked. The following 
average values of this ratio are taken mainly from Mr. Rayner’s report 
to the Engineering Standards Committee. Mr. Rayner’s tests were 
made on machines ranging from 25 to 500 k.w. 


RATIO. 
CONDITIONS. Max. temperature 
Mean temperature. 
Stationary coil without core... apts ы 21712 
Coil in place on machine ... us gs X 
Т " machine running light ... 1715 
i j machine fully loaded ... 17175 


Very few values are over 172, and this is consequently a safe figure 
to employ when estimating the maximum temperature of the field coils 
of fully loaded machines. 

The Suiface per Watt.—As previously stated, there is a diversity of 
opinion as to what portion of the coil surface should be taken in ex- 
pressing the surface per watt, or the surface to be provided per watt 
dissipated in the coil. 

Messrs. Neu, Levine, and Havill, in tests on small Crocker- Wheeler 
motors, found that the temperature rise for a given amount of energy 
dissipated was considerably greater when the coil was supported in air 
than when placed in position on the core of the machine. From this 
they concluded that conduction of heat to the carcase of the machine 
was more effective than direct radiation, and they proposed a con- 
duction constant for that portion of a coil in contact with the core, and 
aradiation constant for the free portion. They admit, however, that 
“when the machine is running, the iron does not cool the coils so much 
as when not running." 

Mr. Rayner stated in reply to the discussion on his paper that he 
had observed no extra cooling due to the iron core. In fact, with a 
coil fitting tight on a pole, very little heat abstraction was found to take 
place on the core side. 

My own tests show a slight increase in the temperature rise when 
the coil is placed on the core, this small effect occurring both with taped 
coils and with coils wound on a metal former. In view of the fact that 
the temperature rise differs so very little in the two cases, it secms pre- 
ferable to consider the total surface of the coil when dealing with the 
surface per watt, and to use a “ heating coefficient " which will combine 
the effects of radiation, conduction, and convection. 

Variation of the Heating Cocfficient.—The heating coefficient, although 
usually quoted as a single figure and called the heating constant, is 
certainly not constant even for the same machine. It varies with the 
speed and with the load. In different machines it will also vary with 

VoL. 88. 26 
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the nature of the surface of the coil, the method of securing the coil to 
the machine, the ventilating properties of the rotating armature, and 
generally with the design of the machine. If all these conditions 
remain constant it will still be found that the coefficient varies with 
the final temperature attained by the coil. 

Since the greater part of the cooling effect is due to radiation, it is 
not surprising that field coils should follow to some extent the law of 
radiation. In 1879, Stefan* showed that radiation was proportional to 
the fourth power of the absolute temperature, and this has since been 
verified, and is recognised as Stefan's law. И radiation only had to be 
considered we should have— 


k = Sw (0,4 EA 0,*), 


where А is a constant known as the “constant of radiation " and 0, and 
9, are absolute temperatures. 
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Fic. 1.—Coil No. 1 Supported in Air. 


Small Coil covered with two layers of tape and varnished. Total Surface 960 sq. cm. 
For details of Coil sce Table I. 


The experimental heating curves of field coils show characteristics 
of this law (see Fig. г), but unfortunately the disturbing and uncertain 
effects of conduction and convection render it impossible to state a 
general equation, such as the above. 

Actual Values of the Heating Coefficient.—The following curves, Figs. 


* Kaiserliche Akademie 4. Wiss, Wien, энше (Section 2) vol. 79, 1879, 
р. 391. 
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I to 7, show the variation of the temperature rise with the watts ab- 
sorbed for various types of coils and under varying conditions. In 


cases where it should prove useful, the heating coefficient has also been 
plotted. . 


.4. Covered- with-ca 
and webbing. 


Temperature rise in degrees centigrade. 


Watts per square centimetre. 
Fic. 2.—Temperature Rise of Coils Supported in Air. 
Total Surface, 
Coil No. I. Covered with two layers of tape vis goo sq. cm, 
Coil No. II. Covered with Mica and tape 0 dus 1,075 Sq. ст. 
Coil No. III. Heavily Insulated with Mica and taped 2,530 SQ. cm. 
Coil No. IV. Wound on Sheet Iron former | ... T 2,100 Sq. cm. 
‘or details of these Coils see Table I. 


Four conditions have been considered :— 


І. The coil supported in air. 

2. The coil in place on the machine with the machine stationary. 
3. Machine running light at normal speed. 

4. Machine running fully loaded at normal speed. 


Some of the results recorded have been taken from the papers 
previously mentioned. In each such case the points аге plotted in a dis- 


coefficient. 
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tinctive manner, thus ®. Particulars of these coils, so far as they аге 
available, will be found in Table II., and also full references to the 
original papers. 

A few additional words of explanation are necessary in reterence to 
my own tests. The observations were made systematically, and суегу 
precaution taken to insure accurate results. The resistances when 
cold were determined after the coil had remained at a constant tem- 
perature for a considerable period, and the value obtained verified 
before proceeding with the heating tests. Accurate instruments were 
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Fic. 3.—Heating Coefficient of Coils Supported in Air. 

Total Surface, 
Coil No. I. Covered with two layers of tape 960 sq. cm. 
Coil No. II. Covered with Mica and tape  ... 24 1.075 sq. cm. 
Coil No. III. Heavily Insulated with Mica and taped 2.530 $4. cm. 
Coil No. IV. Wound on Sheet Iron former... 5 2,100 $4. cm. 


used, and for each coil the same instruments were employed for all the 
measurements upon that coil. The resistance of the coil at o? Centi- 
grade was calculated by using the standard temperature coefficient of 
0428 per cent. increase of resistance per degree Centigrade rise. All 
temperature rises were then calculated from this basis. Each measurc- 
ment of final temperature was made after the coil had been carrying 
current for a period averaging about ten hours, thus insuring that 
perfectly steady temperature conditions had been reached. Full 
particulars of the six coils tested will be found in Table L, and 
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photographs in Figs. 8 to 11. Тһе coils have been numbered I. to VI., 
using Roman figures. In every instance the figures for the watts per 
sq. cm. are based upon the total surface of the coil. 

I. Coil supported in air.—In my tests the coils were supported on 


ЖИН БИРИ 
Seer PEE SERES 
м ГРИ [а | 
„ы Е Е ЕЕ 


1 


Temperatu 
+ 
mW 


“0 
“Аы Аы 
а LLL LE LE : 
ЕЕ 
Sa luis LL LLL 
Р ЕСС 
ЕА 
Гер АРЕНЕ 
МАТН 
шин з= шинин 
F/A № 
f 5 
^ Е 


ШЕ 
SNe 
S 


Watts per square centimetre. 
Fic. 4.—Temperature Rise of Coils in Position, Machine Stationary. 


Total Surface. 


Coil No, IV. Wound on Sheet Iron former 2,100 sq. cm. / 
Coil No. V. Wound on Zinc former boe 1,815 sq. cm. 
Coil No. VI. No former, very little covering 3,400 $4. cm. 


Coil No. VIa. No former, very little covering 3,400 Sq. cm. 
ble I 


three points, at a height of from 4 ins. to 6 ins. above the surface of a 
table. Four coils were tested in this manner, and the results will be 
found plotted in Figs. r to 3. Тһе actual observations are shown. 
Points obtained from published data are also plotted. 
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The results obtained on Coil I. are given separately in Fig. т, the 
watts dissipated per sq. cm., the sq. cms. per watt, and the heating 
coefficient being all plotted against the temperature rise. Тһе whole 
of the observations are plotted in Figs. 2 and 3; the temperature rise 
against the watts per sq. cm. in Fig. 2, and the heating coefficient 
against the temperature rise in Fig. 3. | 

These results show clearly the effect of the covering of the coil on 
its heating. 

Coil 4 is that of a r0o- B. H.P. motor tested by Mr. Rayner. This 
was covered in an unusual manner with three layers of varnished 
cambric and four thicknesses of boot webbing. 

Coil I. was covered only with varnished tape. 

Coils II. and III. gave almost identical results. In each case a con- 
siderable amount of mica was used, and this was covered with tape and 
varnished. Coil II. was an ordinary field coil, and Coil III. was one 
belonging to a stationary armature of a high-tension alternator. The 
latter was heavily insulated with mica round the embedded portion of 
the coil. 

Coil IV. was wound in a sheet-iron former with the outside 
cylindrical surface left uncovered. Тһе results are nearly identical 
with those obtained for the plain Coil I. 

Ап interesting fact is the remarkably small temperature rise of 
Coil 1.2. It was identical with I.y, except that it was wound with 
d.c.c. berrited wire. This point was referred to by Mr. А. Е. Berry in 
the discussion on Mr. Rayner's paper.* Не stated that such enamels 
would stand high temperatures, and suggested their use as a means of 
reducing the cost of production. Engineers generally would welcome 
further information respecting such coils from those in a position to 
give it. 

2. Coils in position on machine —machine stationary.—The variation 
of temperature rise with watts per sq. cm. is plotted in Fig. 4, and two 
typical heating coefficient curves in Fig. 5. Fig. 4 gives results on а 
greater variety of coils than Fig. 2, more data and tests being available. 
A comparison of the two sets of curves, however, such as may be 
obtained at a glance by placing a tracing of Fig. 2 over Fig. 4, is 
instructive, as showing the effect of the iron core upon the heating 
of the coil. 

Coil I of Fig. 2 and Coil VI. of Fig. 4 are comparable, being con- 
structed in much the same manner. Аба temperature rise of 50°C., 
Coil VI. shows ro? greater heating than Coil I. This must be partly 
due to the fact that Coil VI. is considerably larger than Coil I., and 
also to the general tendency of coils which are made to fit loosely over 
the core in the usual manner to show a slightly greater temperature 
rise when placed in position. 

Also, tests on Coil IV. are plotted in both figures, and the 
curves show that at 5o? C. the coil heats about 3? more on the core than 
when supported in air. This coil is wound on a special former, the 


‚ * Fournal Institution of Electrical Engineers, vol. 34, 1905, р. 704. 
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end plates of which project inwards about } in., thus leaving a clear 
but practically unventilated space between the main part of the former 
and the core. 

Coils I.y and 6 also show slightly greater heating when placed 
in position on the core. Іп all cases, however, this increase of 
temperature rise is small, and the results justify the system of basing 
the heating coefficient on the total surface of coil and former. 

Coil V. shows the least heating. It was the smallest coil tested, 
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Fic. 5. -- Heating Coefficient of Coils in Position, Machine Stationary. 


Total Surface. 
Coil No V. Wound on Zinc former E 1,815 84. cm. 
Coil No. VI. No formcer, very little covering 3.400 sq. cm. 


and was wound on a zinc former fitting very closely to the core. I 
think it likely that the method of making the former of metal and 
fitting it very closely over the iron core may cause the coil to run a 
little cooler when placed in position than when freely supported in air. 
Unfortunately I was not able to test this coil off the machine. Coil 
VI. (without former) was practically only in contact with the core 
at the corners. Аз will be seen from Table I., the motor Coil VI. 
was wound with larger wire than the generator Coil VI.a, and the 
results obtained, taken partly on one machine and partly on the other, 
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show experimentally by their close agreement that the heating co- 
efficient does not depend on the size of the wire. The curves also 
show the tendency of large coils to heat more than small ones. 
Experiments to determine the variation of heating due to this cause, 
which could be carried out on a standard line of machines, would be 
extremely useful. 

A comparison between the figures which I have derived from 
Mr. Rayners tests оп Coil І.у and my own tests on Coil VI. is 
- interesting. Тһе coils are of comparable size, and neither of them 
is wound on formers. The 5° extra heating of Coil Ly is probably 
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F 1G. 6. — Variation of Temperature Rise with Speed, Coil А. 


Two-pole machine with armature above magnets, tested by Mr. E. Brown. 
See Table II. 


due to the extra covering and to the fact that the motor which Mr. 
Ravner tested was possibly of a much more enclosed design than the 


machine illustrated in Fig. тт, to which Coil VI. belonged. 

3. Machine running light at normal speed.—The ventilation caused 
by the rotating armature must vary considerably under different condi- 
tions. Ц certainly varies with the general design of the machine and 
with the peripheral speed of the armature. It probably varies also to 
an extent which is quite appreciable with the air-gap, the ratio of pole 
surface to pole pitch, and the design of the armature end connections. 
In reference to the latter, the direction of rotation of the armature may 
also affect the ventilation. 

It seems, therefore, that the temperature rise of field coils when the 


. Жыға LEA 
"77% Е" 4. 
ES 


ЗИ Coit No I 


x E 


Е 


v 
- 


FIG. X. 


ғ ЗА: Е! 
O (1%! gr 
: у ^ Q^ 


334 E 


La т , | ш, . X А 
Fic. 9.—Two 10 В.Н.Р. 220-Volt Semi-enclosed Motors, Coil No. IV. 


/ TF gue E “ШИ ке шй, 


TPColinas k Се. 


——ÓÓMMM Ш M о R 


FIG. 11.—24-Клу. Motor-Generator Set, Coil No. VI. 


| fév | UR ^ 

: к Se ы uet Т Y | 
V m = / 

1906.] OF MAGNET COILS. “71... „409 


machine is running cannot readily be predetermined, unless based on 
experiments made on machines of similar design. 

Mr. Rayner made a number of tests on machines running light, the 
coils of which he had previously tested with the machine stationary. 
These comparative results would be of value, but unfortunately we 
have no details of the construction of the machines. To show the 
variations which do exist, I have estimated from his figures the ratio 
of the temperature rise of the coils when the machine is running to 
that which occurs when it is stationary. I have taken as a common 
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Ес. 7.— Variation of Temperature Rise of Coil 1V. 


Two 10-B.H.P 220-Volt е motors, 1,000 r.p.m., fitted with commutating pcles. 
r details of Coil see Table 
Motor А was run in the direction giving the better fanning action. 
Motor B was run in the direction giving the worse fanning action. 


basis in each case the watts рег sq. cm. which give a rise of 50° С. when 
the machine is running. 


Coil 1. 264-k.w. shunt motor, 850 г.р.т. = 0°80 


» 2 75kw. , » 305/550 , =0'55 
» 6. 200-kw. ,, dynamo, 350 , =0'75 


Mr. E. Brown's tests on a small 2-pole horseshoe-magnet type 
machine (a few particulars of which are given in Table II.), show to 
some extent the variation of coil heating with speed. From his 
temperature-grade curves I have estimated the mean temperature rise 
of the coil, and have plotted these figures against the peripheral speed 
of the armature, as shown in Fig. 6. These curves show the kind of 
variation which may be expected in similar machines. 
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The two semi-enclosed 10-H.P. motors to which Coil IV. belongs 
show very little advantage due to the revolving armature (see Fig. 7). 
This is probably due to the enclosed design, and to the proximity of 
the commutating poles with which these machines are provided. In 
connection with the tests on these two machines it was noticed that, 
when running, the coils on one machine heated appreciably more than 
those on the other. The machines are of exactly similar design, and 
are mounted in line on a common foundation (see Fig. 9). A clutch 
is provided for coupling them together, half of which is keyed to each 
motor spindle. The commutator end is thus in each case outside. 
The machines are wired so that they run in the same direction. The 
armatures consequently revolve in opposite directions with respect to 
the slope of the free portions of the armature winding, and it is notice- 
able that the machine (motor a) running against this slope works 
appreciably cooler than the other (motor b). The pressure of the air 
entering and leaving the machine was measured by means of a sensi- 
tive pressure gauge, and was found to be appreciably greater in the case 
of machine a than with machine b. 

4. Machine running fully loaded.—The heating of field coils when 
the machine is fully loaded depends to a large extent on the tein- 
perature rise of the armature, and also upon the efficiency of the ventila- 
tion under full-load conditions. The figures for the heating coefficient 
consequently vary considerably. 


TABLE III. 


HEATING COEFFICIENTS OF MAGNET COILS OF FULLY LOADED 
MACHINES FOR A FINAL TEMPERATURE RISE OF 50°C. 


| | 


| 
| | e= 5 5. 
iz, Covering of | zu 421 55 
Туре of Machine. Output. | = 3 SOUS Former. o% Са. > я |=. 
С . Е ая 
| > | Ф | | 53 | | а | 27 
! E [е з A 
е 
1 | —— 
yl | 
Two-pole shunt motor, | | | | ( Part ' , T 
armature above | ‚ 7A КАК. 135 | 1,250, Nil | ae | А |1025 205 109% 
magnets ............... | | 
Four-pole semi - eu - | | zi IV оо | 660 | 0015 
closed. shünt сл | 10 H.P. 220 | 1,000, hi | Iron 0133 | | 
| wo | | 
Six-pole shunt motor 75 k.w. 550 | 325 oT | Nil 2 1,190 | 238 ds 
| ape 
| И" ($ i | А 
Оо аа данына 75k.w. боо | боо Varnished || on ji 3 | paso do ate 
" | Cambric | ле 
еш лен compound | Rrskw., 220 | 350. | NE 1 ; Nil | 4 2380, 470 0021 
И ЕКА webbin | | 
| Above |’ 1870 374 0927. 
| | | | тетоуеа | Ш 70,374 | ‘ 
| Canvas, 
; | | | ; | 
Eight-pole shunt gene- Ww TON | paper, М 6 Ij 0032 | 
Pato MIENNE | Soo К.м. , 480/600, 320 о ^ Nil 8 | 1505 313 
| | | [und string ) | 
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Fig. 6 shows the increase of heating due to full load іп the case of 
the machine tested by Mr. Brown to be about 15 per cent. at normal 
speed. 

Fig. 7 shows the heating with- various armature currents of the field 
coils of the 10-B.H.P. semi-enclosed motors illustrated in Fig. 9. The 
rapid increase with overload is probably due in a large measure to the 
close proximity of the series-wound commutating poles. 

In Table III. will be found the values of the heating coefficient for 
fully loaded machines of which data are available. In each instance 
the total surface is taken into account, and the figure is quoted for 
а final temperature rise of 50° C. Тһе figures for the sq. cms. рег 
watt and the watts per sq. cm. are also given. 

The variation in these figures, and the consideration of the numerous 
and uncertain conditions introduced by the rotating armature, show 
that it is not possible at present to fix any very definite figures for the 
heating coefficient of fully loaded machines. 

Conclusion.—The tests and figures here recorded confirm the fol- 
lowing points which have already been pointed out in connection with 
the heating of magnet coils :— 


(а) The maximum temperature rise of a magnet coil seldom exceeds 
I'2 times its mean temperature. 

(b) The effect of the covering of the coil on its temperature rise is 
very marked. Such coverings should be reduced to a mini- 
mum, as also should the insulation thickness to core or 
former. 

(с) A large coil heats slightly more than a smaller one for the same 
watts per sq. cm. 

(d) Berrited wire produces a considerable reduction in the tem- 
perature rise. 


I have also come to the following additional conclusions :— 


(©) The heat removing property of the iron core differs very little 
from that of the surface of the coil exposed to air, and conse- 
quently it is best to consider the whole surface of the coil and 
former when dealing with the heating coefficient. 

(f) The heating coefficient drops considerably with increase of the 
final temperature rise. 

(g) From the point of view of cooling, a slight advantage is obtained 
with a coil wound on a metal former. 

(^) А great deal may be done to secure cool running by cultivating 
a draught by means of the armature end connections, and by 
running the machiue in'the direction giving the maximum 
fan action. 


Taking into account the whole of the data here given, I would 
suggest the following approximate values of the heating coefficient for 
a 50° C. rise, based upon the whole surface of the coil :— 


Мг. Lca. 
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TABLE IV. 


a em Watts 
е Са рег 
| Watts. | Sq! Cm. 


. Supported tn dir. | 


жо 
% + 


‚ Medium size s coils taped  ... - ... | 5500 300 033 
боо» м» и mica and tape .. e 1 339, lee 
(| 1,750to 350 to. Оо291%. 
aq . a Я | 
m » з » heavily covered 2,250 250 0'022 
5 „ coil, wound in metal former un- 
covered ... sss өзі ... | 1,500 300 07033 
" ә berrited d.c.c. wire... is ... | 1150 |270 0043 
* | 
. In Place оп Machine. | | 
| Medium size con сой... 1,750 330 0029 | 
» wound in metal formers. which | 
| slip loosely over соге... vss s wee | 1,550 зго 0:032 
А І 
3. Machine Fully Loaded. | 
Small 2-pole machines, armature above magnets | 1,000 200 0°050 
| Moderate size protected motors ... Pi. ... | 2,000 400 0'025 
i 5 » Semi-enclosed motors — ... ... | 2,500 500 0°020 
| - РА with com- 
mutating poles ... s "s ... | 3,000 60°0 0'017 
| Open type machines, So kw. 0.20.2 ee | 1250 |250 |oo 
| " " 500 К.А. ... " ... | 1,500 300 0033 


The heating coefficient is undoubtedly а very important figure, and 
I trust the few points brought forward, more particularly the variation 
of the coefficient with different types of coils, and with the actual 
temperature rise, will prove uscful. 


DISCUSSION. 


Mr. Henry Lea: I think that Mr. Lister's method of ascertaining the 
mean temperature of the coil by means of its resistance is a satisfactory 
way, but in order to compare the mean with the maximum the latter tem- 
perature must also be obtained. In carrying out such measurements a 
potenticmetric method of determining the voltage would obviate the 
liability to error referred to. I should like to give a few figures relating 
to the radiating properties of iron pipes, a subject closely connected with 
that of the paper. I found that a square foot of hot iron will dissipate 
2:14 thermal units per hour per 1° F. difference of temperature. Taking 
70° К. (39°С.) as the temperature rise, which is the figure I always 
specify, it can be shown that 20% sq. cms. of such surface will be 
required to dissipate т watt per minute, and that the corresponding 
heating coefficient is 200 X 392815. The difference between this 
cocfficient and those given in the paper would be accounted for bythe 
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поп pipe being bare and the wire coil covered with non-conductor. 
I should like to understand the difference between the values of 
the heating coefficient given for the small 2-pole shunt motor in 
Table I1I. (1,025) and that in Table IV. for medium coils wound on 
metal formers and in place on machine (1,550). Also I do not know 
why the author has adopted so high a temperature rise as 50? C. (90° F.). 
Machines should not get so hot as that at full load. It leaves no margin 
for overload. 

Мг. А. M. TAYLOR: I gather that the author suggests that the 
measurement of the temperature rise of field coils by means of 
increase of resistance should be considered the standard method. 
Не has referred to the fact that it is now the recognised method in 
Germany. This being the case, I think it probable that it will soon be 
adopted here. The manner in which the curves in Fig. 3 fall as the 
temperature increases is interesting. This may be due to conduction 
effects, which would tend to increase with the increase of temperature. 
The author has considered the question of temperature rise ratherfrom 
the point of view of the field coil of a commercial motor, but it might 
also be considered with regard to the stationary coils of large 
alternators. I have been much interested in this question lately 
particularly as to how the temperature rises when the peak load 
comes on, the generator having been running under normal full load 
conditions for some hours previously. Designers may, not improbably, 
soon have to тесі a demand for a generator to give тоо per cent. over- 
load during the short period of peak load. 


Mr. К. Окветтісн : I regret that the author has found it impossible M 


to obtain more exact information as to the behaviour of coils when the 
machines are running either light or fully loaded, as these are the 
important conditions from the point of view of the manufacturer. 1 
believe this to be the first paper in which prominence has been given 
to the important question of the effect of ventilation. A proper con- 
sideration of this detail should enable the designer to save a consider- 
able amount of copper in the case of high-speed machines. Machines 
bv different makers of course give different results. At the same time 
the subject is well worth investigation. I do not use the heating 
coefhcient in the way shown by the author, but work with the outside 
surface only. By obtaining the coefficient for each type of machine 
and plotting against speed, the ventilation of the machine is taken into 
account. 

Mr. L. Моврну : In the early part of his paper the author states 
that he only finds a slight difference between the temperature гізе of a 
coil when suspended in air and when placed on the iron core. In some 
experiments which I carried out on this point I found that the effect of 
the core on the final temperature was, as he states, slight ; in fact, it was 
found that the coil might heat more or less when on the core than off, 
according to the shape of coil used. 

If, however, the temperature rise of the coil be considered with 
regard to time, it will be found that there is a marked difference, and 


Mr. Lea. 


Mr. Taylor. 


г. 
Orsettich. 


Mr. 
Murphy. 


Мг. 
Murphy. 


Mr. Smith. 
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that on the core the coil will heat more slowly than when suspended, 
owing undoubtedly to the heat being absorbed into the mass of the 
pole core. 

In the case of heavily loaded coils a difference of 30 per cent. in 
the temperature rise may be obtained, due to this cause, during, say, a 
twenty minutes run. Тһе point is of importance in connection with 
series motors working under intermittent loads, such as tramcar and 
crane motors. Іп such machines it is desired that the final temperature 
shall not exceed a specified amount under varying conditions of load. 
In order to attain this end, it is advisable to wind the field coils as 
close as possible to the iron core, and to avoid the use of any isolit, 
wood, or other formers which will act as heat insulators between the 
coils and the согс. 

The author does not state the colour of the coils used in his experi- 
ments; I think he will find a considerable difference between a black 
coil and a varnished one. 

The number of variables which he has to consider in order to 
obtain a heating coefficient for any type of machine is enormous, 
and in practice I find that for totallv enclosed machines some 
approximate figure may be found experimentally for each size of 
machine which represents its maximum allowable watt loss for any 
condition of winding and speed, that for open-type generators Esson's 
constant usually gives correct results, and for semi-enclosed machines 
an intermediate factor must be chosen, which depends on the degree 
of ventilation afforded, and can be generally predetermined from 
experience with fair accuracy. 

Mr. С. Е. SMITH : I think that the author of this paper has treated 
his subject from a point of view which is much to be commended, 
inasmuch as his purpose has not been to make a series of experiments of 
his own, and to found a practical rule on these without reference to the 
work of other experimenters. The constant comparison of his results 
with those of Messrs. E. Brown, E. H. Rayner, and others, and the 
plotting of their results side by side with his own, is a specially valuable 
feature of the paper. 

With regard to the cooling effect of the surface of the coil which 
is next to the iron, it would seem that a good deal of uncertainty still 
exists as to the relation between the effectiveness of the conducting 
power of the iron and the radiating power of the surfaces exposed to 
air. Probably it would be found that the general dimensions of the 
magnetic circuit would have considerable influence on the heat- 
conducting power of the pole, since they would determine the rate at 
which the pole could get rid of heat given to it by the winding, as well 
as by the armature, etc. 

One would naturally expect that the effect of a metal former would 
be materially to aid the conduction of heat from the magnet-winding 
to the cooler pole on which the former is mounted. From actual 
measurements it would appear, however, as if the metal former was far 
more effective in promoting the cooling of the coil when so arranged as 
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to leave an air-space between itself and the pole. The ventilation 
thereby produced appears to be far more effective as a cooling agent 
than the increased heat-conductivity due to metal-to-metal contact 
between the former and the pole. 

One difficulty in deciding absolutely on a heating coefficient which 
can be applied to coils of all forms is the variation in the ratio maximum 
temperature: mean temperature. In Mr. Rayner's values there is an 
extreme variation of about 1o per cent. in this ratio. As pointed out by 
Mr. Goldschmidt in the discussion following his paper there is a 
practically constant relation between the differences (mean — external) 
temperature and (maximum — external) temperature. 

Thus the difference between maximum and outside temperature is 
practically 50 per cent. higher than the difference between mean and 
outside temperature. By measurement of the mean and external 
temperatures it is thus possible to estimate closely what the maximum 
temperature inside the coil is. From this point of view it might be well 
if engineers would record both mean and external temperature rises 
when testing their machines. 


Dr. В. T. GLAZEBROOK (communicated): The general result of the D 


author's interesting paper seems to be that, as he points out on page 402, 
there is no such constant as the heating coefficient as he defines it, and 
it appears to me that this is what might be expected. 

The simplest assumption which can be made for the amount of heat 
lost by radiation from a surface element S which is at a temperature 
Г above its surroundings is that the loss per second is 4./.S., where 
h is the radiation constant, or exterior conductivity. 

Experiment shows that this law of Newton's holds reasonably for 
moderate differences of temperature. The constant / depends on the 
nature of the surface, and there is no evidence to show that it should 
be the same both for the exposed portion of a coil and that in contact 
with the core ; in fact, the reverse is probably the case. Assume, how- 
ever, that k is a constant over the whole surface. Then the total loss 
per second = /#.1.45 = h 61, when f, is the mean excess of temperature 
over the surroundings of the surface layers not of the whole coil. 

If the temperature is steady, then the total loss must be equal to the 
watts expended ; thus we have— 


GU. шш Е 
Watts іше Swl;, 


Watts = hSt, or Е = 


using the author's notation. 

Thus 1/k corresponds to his Сл, the heating constant, but the tem- 
perature in the equation is not the mean temperature of the coil, which 
is measured by the change in resistance, but the mean temperature of 
the surface of the coil, which is quite different. Of course, if there 
were a constant ratio between these two mean temperatures, then the 
law given in the paper would follow, but I think Mr. Rayner's curves 
show that there is no such constant ratio. 

Again, I feel sure it is a mistake to assume that the coefficient is the 

VoL. 88. 9 


Mr. Smith. 


f. 
Glazebrook. 


Dr. 
Glazebrook. 
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same for all the surfaces of the coil. Mr. Goldschmidt called attention 
to the fact that Mr. Rayner's curves of temperature distribution are 
parabolas. If the loss is the same outside and inside, then the vertices 
of these parabolas would be midway between the outer and inner 
surfaces, and this is not found to be the case. 

In the discussion on Mr. Rayner's paper (Фоитпа!, vol. 34, p. 711), 1 
examined his results and showed how values for both the interior con- 
ductivity k and the exterior conductivities, or radiation constants, h, Й, 
of the coils, may be found—A, relates to the outer surface, 4, to that in 
contact with the core. The two quantities differ notably, 4, being of 
the order of $ Л,, so that it is impossible to determine the mean rise of 
temperature from a knowledge of the surface and the watts by means 
of a single coefficient. 

Of course, this turns on Newton's law of cooling. If we had 
assumed Stefan's more complete law the results would be still more 
complex, but they would be.of the same nature, and it appears to me 
that any generalisation as to a figure to be adopted for all coils of a 
certain size is hardly justified. 

As I have already said, the 1/ of my formula is the S,, or heating 
constant, defined, however, with reference to the mean rise of surface 
temperature; but in comparing the actual numbers it must be 
remembered that my k relates to a square inch, while Mr. Lister's S, 
refers to a square centimetre. Hence, taking 6°45 sq. ст. to the square 
inch, we have C =6'45/h, and from this we get the following table, 
the values of /,, 4, being taken from my table on page 718, vol. 34 :— 


Coil | h, | his. es с, | 
T PP mc » ете 
І | O'OIIO 0'0059 585 | 1,090 
2 0'0138 о'ообо 465 1,075 
5 0'0138 0'009І 465 | 710 
6 00350 0'0067 I85 965 
6* 0'0102 0°0063 630 1,020 
8 0'0084 | 0'0031 770 2,080 


А ————————————————————____—————————————_—————_-—_——_—_—_——--—— — "Т 


* [n this experiment the coil was stationary. 


The variations in the value of C are very great. In the case of 
coil 6, the fanning action when the machine was running was extreme ; 
thus В, is very large, C, very small. In any case the mean surface rise 
of temperature is to be found by dividing C by the surface through 
which the heat is being radiated, and multiplying the quotient by the 
watts transmitted through that surface. 

The figures seem to me sufficient to show that no such thing as a 
“heating coefficient" can be found which is applicable to all coils of 
the same size. What can be done possibly is to obtain by careful 
experiment the values of А, h, and h, for coils similar in design and 
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material {о those which are to be used, and to base calculations D 


applicable only to such similar coils on these figures. 

Dr. ALFRED Hav (communicated): Тһе author's interesting and 
valuable contribution to our knowledge of the temperature rise in 
magnet coils once more emphasises the extreme complexity of the 
problem and the insufficiency of the data on which to base a reliable 
predetermination of the probable temperature rise. 

The relative importance of the parts played by radiation, con- 
vection, and conduction, still seems to be obscure, but from the 
author's experiments on the cooling of a coil when supported freely 
іп air and when placed around its соге, it would appear that conduc- 
tion and convection are quite as effective in producing cooling as 
radiation. | 

Again, the marked influence of good ventilation points to the fact 
that convection is an extremely important factor. Хо experiments of a 
systematic kind appear to have been undertaken for the purpose of 
ascertaining the relative importance of radiation, conduction, and 
convection. 

In the case of a coil freely exposed to the air over its entire surface 
(in which case the conduction effect is negligible), the radiation effect 
could to some extent be differentiated from the convection effect by 
experiments of the following nature : Let the temperature rise of the 
same coil be determined when its surface is coated with various 
materials—say lampblack, white paint, and a very thin and highly 
polished shield of sheet-metal. ‘The variations in the temperature 
rise would then be accounted for by changes in the rate of radiation 
due to the varying nature of the radiating surface. Іп a similar 
mauner, by using a coil of the same material in each case, but varying 
the actual cooling area by having the coil wound, first, evenly in layers, 
and then in sections of varying depth, so as to produce channels or 
corrugations in the external surface, the changes in the temperature 
rise corresponding to the various arrangements of the external surface 
of the coil would be due to changes in the convection factor since the 
ettective radiating surface is not affected by the corrugations. 

Mr. Н. M. Новавт (communicated) : I wish to call attention to the 
range of figures quoted on the first page of the paper. The range of 
355 to 1,500 for the temperature rise in degrees Centigrade per watt 
Pér square centimetre is at first sight misleading, and there is really 
more uniformity in the value of the “ heating coefficient" than appears 
at first sight. 

The figure 1,500 quoted by Goldschmidt is reckoned on the whole 
surface of the coil taken as cooling surface and on the rise as deter- 
mined by resistance measurement. Reckoning this figure on the 
eternal cylindrical surface of the coil would reduce its value by about 
бо per cent., which gives 1,500 (1 — 0:6) = боо. 

The rise by resistance measurement may be taken as 1°65 times the 
thermometrically determined temperature rise at the outer surface of 
the coil, and thus the value 600 should be further reduced to 
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т = 364° С. рег watt per square centimetre of external cylindrical 
surface of the coil, thermometrically measured. This value is in good 
agreement with the value 355 given by Esson, and is also, with due 
regard to the numerous factors which influences the heating, in fair 


agreement with Neu Levine and Havill's * value of 720 by resistance 
7 


measurement, which reduces to E. = 435. 

In the year 1898 Mr. R. C. Clinker, at my request, made quite a 
large number of tests concerning the thermal occurrences in field 
coils. Although these were quite comprehensive, and were pub- 
lished in Electric Generators and in Electric Machine Design, pp. 97-105, 
their existence does not seem to be known. I allude to these tests, as 
they throw interesting light on a number of questions discussed in 
Mr. Lister's paper. 

In the accompanying figure I have arranged a few of the results of 
Mr. Clinker's tests in a form which brings out the bearing of the peri- 
pheral speed of the armature upon the temperature rise of the teld 
coil, and also shows the way in which the temperature rise varied at 
different parts of the coil. We see from this figure that when the 
armature was at rest the layer next to the magnet core and the outside 
layer had practically the same temperature, but that when the armature 
was running at a peripheral speed of 10 metres per second the outer 
layer had a much lower temperature than the layer next the magnet 
core. Itis very important to avoid taking the result of tests on a single 
coil as guidance for other cases. According as a coil is completely 
bound up in insulating materials on the one hand, or left exposed to 
the air on all sides on the other hand, the temperature rise and the 
temperature distribution become greatly modified. In a general way, 
however, it will be seen that Rayner's + later tests, in which he obtained 
a ratio of maximum to mean temperature as determined by resistance 
measurements of about r'15, confirm fairly well the results of Clinker's 
1898 tests. 

Another very exhaustive series of tests to which but scant allu- 
sion has ever been made is that carried out by Dettmar? in 1900 
on thc effect of temperature on the cotton coverings of copper wires. 
These tests showed that in the course of time a temperature of less 
than 100° C. caused decided deterioration of the cotton coverings. 
The more recent tests of the National Physical Laboratory on large 
numbers of insulating materials showed that in the case of all these 
materials deterioration set in at a temperature of not over 125° C., and 
in most of these materials the temperature at which deterioration 
occurred was considerably below 125? C. With a knowledge of these 
results it is certainly undesirable that the highest temperature existing 
in any part of a coil wound with cotton-covered wires should be sub- 

* Electrical World, vol. 38, тсот, р. 56. 


t Sournal, vol. 34, рр 613-659. 
+ Elektrotechn. Zeitschr., vol. 21, August, 1900, p. 727. 
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jected to temperatures of much over 100? C. Suppose we set this Mr Hobart. 
maximum temperature at 105° С. If the hottest part of the coil is ata 
temperature of 105° C., the mean temperature, as determined by resis- 
tance measurements, will be about 9o? C. In a case where the tem- 
perature of the surrounding air is the very frequently occurring value 
of 30° C., it is evident that the temperature rise, as determined by 
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resistance measurements, should not be more than 60° C. Mr. Clinker's 
tests, and also the subsequent tests made by the National Physical 
Laboratory, show that in many cases the temperature rise, as deter- 
mined by resistance measurements, often exceeds by more than 60 per 
cent. the temperature rise as determined by thermometric measure- 
ments. Thus the thermometrically determined temperature rise should 
not be permitted to exceed 373° C., and it is evidently not advisable to 
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raise the present customary permissible temperature rise of 45° C., 
but rather to reduce this. 

Allusion is made in the paper to a coil in which the cotton coverings 
of the wires were impregnated with a certain material which resulted 
in a decreased temperature rise. I am of opinion that the first earnest 
attempt to develop and properly apply such materials was made by 
Mr. H. W. Turner, about the year 1901. At any rate it was at about 
that time that I learned from him of the excellent results which he was 
obtaining in his work along these lines. It has Бееп difficult to demon- 
strate the effectiveness of such a material as regards decreasing the 
temperature rise, owing to the fact that it tends to make all parts 
of the coil assume a more nearly uniform temperature, i.e., when such 
a material is used, the mean temperature as determined by resistance 
measurement exceeds by a smaller amount the temperature as deter- 
mined by thermometric measurements than would otherwise bc the 
case. In coils in which such materials are employed, a thermo- 
metrically determined temperature rise of 40? C. would correspond to 
a lower internal temperature as determined by resistance measure- 
ments than in a coil in which such materials are not used. but the 
thermomoetrically determined temperature rise of the surface of the 


. coil would be but slightly decreased. 


For these and other reasons I am strongly in favour of the intro- 
duction of the general practice of determining the temperature rise 
by resistance measurements instead of by thermometer. Were this 
practice general, a temperature rise of 50° C. above surrounding air 
would be thoroughly conservative, but so long as the temperatures are 
determined by thermometric measurements, a * nominal" temperature 
rise of from 40? to 45? C. above surrounding air is already rather higher 
than it is desirable to permit. The trouble is that no individual engincer 
can introduce such a comparatively new practice as that of invariablv 
expressing the temperature rise of field coils in terms of the results of 
resistance measurements. Should any designing engineer attempt to 
do this, he would bring upon himself the charge of employing higher 
temperatures than other designers who quoted their temperatures on 
the basis of a thermometrically determined temperature rise, whereas 
the former designer would actually be working to lower temperatures 
than the latter designer. 

This is only one instance among many others which render it highly 
desirable that the issuing of standardisation rules for temperature rise 
should not continue to be delayed. Such rules should be promptly 
framed and in accordance with the best present practice; they may 
be readily revised from year to year in accordance with the constantly 
accumulating available experience. 

It is very difficult to generalise as to values for the degrees Centi- 
grade temperature rise per watt per square centimetre of radiating 
surface, even in cases where it is definitely stated that the temperature 
rise is determined by resistance measurements, and that the surface is 
the external cylindrical surface of the coil. There still remains a 
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number of considerations making it very difficult to frame any general 
conclusions. Thus, for example, the effectiveness of ventilating ducts 
in armatures has gradually come to be admitted on all hands. This has 
been followed by the gradual introduction of a ventilating space 
between the magnet core and the ficld coil. Still better results are 
obtained by additional ventilating ducts through the midst of the field 
coil. I myself prefer to tabulate values of the temperature rise per 
watt per square centimetre of external surface of the coil for each of 
these alternative arrangements and for various peripheral speeds of 
the armature for each arrangement. Even then, however, one must 
remember that the influence exerted by the rotating armature on the 
temperature of the field coil depends very greatly upon the means 
adopted to ventilate the armature, and upon the consequent amount 
and temperature of the air passing from the armature to the field. 
The use of interpoles is decidedly disadvantageous from the thermal 
standpoint, for they obstruct the emission of heat from the field coils, 
and introduce an additional considerable loss through the heat 
generated in their own windings. Thus, each of the constants indi- 
cated above must be modified according to whether the design does or 
does not employ interpoles, and also according to the size of these inter- 
poles. In general, the cooling will be more effective the greater the 
polar pitch at the air-gap, but there are also, of course, a great manv 
other factors influencing the result. In the design of field coils for 
rotors, the rise of temperature in degrees Centigrade per watt per 
square centimetre of coil surface may be much greater than Гог 
stationary coils. Неге again, however, it is equally impossible to 
generalise. 

Mr. E. H. RAYNER (communicated? : When attempting to find some 
basis which would indicate the efficiency with which the field coils of 
very different patterns would radiate heat, it seemed to me that the 
temperature which would be attained if unit quantity of energy were 
dissipated from unit area of the coil per second was the best indica- 
tion of this useful quality. For various reasons also I took the external 
area plus the flanges as being the radiating area. However, I think, 
with the author, the total area, including the surface next to the core, 
might well be included. One reason that I neglected it was that, in 
certain cases, this surface was very inefficient, and it seemed less 
misleading to neglect it. 

With this limitation, and using inches instead of centimetres—a 
concession to the usual unit of the designer in these matters—the two 
columns 20-22, page 655, of my paper give the heating coefficients as 
defined by Mr. Lister, except that column 20 gives the results using the 
maximum internal temperature instead of the mean temperature, which 
is used in column 22. 

This constant for shunt coils varies from 100 to 250, or in Mr. Lister's 
units multiplied by (2°54), 650 to 1,600, so that the figures in Table IV., 
referring to open-type machines to which my experiments referred, 
namely, 1,250 and 1,500 for 50 and 500 k.w., are on the safe side. 
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However, these factors must, I consider, be used very carefully in 
any given case, and, until information is obtained from any build of 
coil, it is not wise to trust such coefficients obtained from other and 
dissimilar coils except as very rough approximations. What I would 
especially draw attention to is the low value given above, 650 as 
compared with 1,600, the upper limit. It must be remembered that 
these values were obtained on running machines, and, as it happens, of 
a similar $12е—500 k.w. 

Now, the efficiency of the use made of the copper is roughly in 
proportion to these figures. In other words, a proper consideration 
of the design of field coils, from a radiative point of view, as well as 
from a consideration of the ampere-turns required, may lead to a 
saving of several cwt. of copper in large machines. I have also been 
assured that in the case of the manufacture of small machines this 
aspect of the subject has enabled such economies to be made in field 
copper as to convert a commercial loss into a profit. This emphasises 
the importance of any paper on the subject, and I would advise 
designers to see that they are not using unnecessarilv too much 
covering, of poor heat conductivity, on their coils. 

I have just brought before the Institution in the discussion on 
Professor Epstein's paper,* the results of some further work on the 
subject. Some half-dozen field coils, each with single variation of finish, 
werc experimented on. It is not necessary to repeat the figures, which 
will be published in due course, but I feel that a great deal of useful 
work remains to be done on these lines. 

The many independent variables in a number of commercial coils 
render any numerical deduction almost impossible, and it is only bv 
varying one at a time that any certainty as to its effect can be deduced ; 
and if the author could add to his work by giving results obtained 
on a few machines which had special coils wound for them, and in- 
vestigate the many different conditions of finish met with in practice, 
I am sure that designers would have still more data for further 
economies. 

Mr. ALEXANDER RUSSELL (communicated): Тһе paper is very 
interesting, and the experimental results given will be of permanent 
value to the designer. Much attention has recently been paid to 
devising methods of getting rid of the heat generated in field coils, 
but, as the author points out, the published data are of the scantiest 
description. 

I think the term “heating coefficient" is not а good one. The 
number of * coefficients" and “factors” in electrotechnics is now 
so large that a new one ought only to be accepted as a last resource. 
In this case I would suggest the word “emissivity,” оп the analogy of 
“surface emissivity” іп heat. 

What we want in practice is the watts, that is to say, the joules 
per second, radiated per square centimetre of the surface of the coil 


* journal Institution of Electrical Engineers, vol. 38, 1907, р. 79. 
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per degree difference between its mean temperature and that of the Mr 


surrounding objects. Theoretically it would be better to take the 
temperature of the outside of the coil instead of its mean temperature, 
but the accurate measurement of the outside temperature is very 
difficult in most practical cases. 

The question arises, Does this emissivity vary much with the 
temperature? In Fig. т the author gives a curve showing how the 
watts radiated per square centimetre vary with the temperature rise 
for a coil supported in air. If W denote the watts radiated, S the 
surface, and { the mean temperature rise, the equation to the curve in 
Fig. 1 marked “ Watts per square centimetre " is— 


W/S = (0:6 + o*'oo160)f] 1000. 


The maximum inaccuracy of the results calculated by this equation 
as compared with the given curve is about 1 per cent. We see, there- 
fore, that the “emissivity” in this case is (0-6 + 0*00161)/ 1000, and for 
small values of / it may be taken equal to o'ooo6 watts per square 

centimetre per degree difference of temperature. 
|. For f= 5o? C. the “ emissivity " would be about 13 per cent. greater. 
It may be objected that о"0006 is a small fraction, and that engineers 
Prefer dealing with a larger integer like its reciprocal, 1,667, and the 
author has given a meaning to this number. As copper melts, however, 
at 1,085°С., we get into difficulties when we try to imagine what 
happens when it gets to 1,667? C. In conclusion, I should like to point 
out the difference in the temperature of coils measured in this country, 
in America, and on the continent. In this country we generally assume 
in commercial testing that a 220700428, but in America they take 
а-ооо42. The calcuiated temperature of the coil is therefore about 
2 per cent. hotter in America, On the continent, however, a is taken 
ether as 07004 ог as 070038, and hence the temperatures calculated 
abroad are sometimes то per cent. higher. Тһе best value to take for 
ain commercial testing is 0:004, as this enables us to use the simple 
formula— 


0 = (К.К, — 1Y! + 250), 


where 0 is the rise of temperature in degrees Centigrade, R, the initial 
measured resistance at the temperature /, and В, the final measured 
resistance at the temperature (/ + 0)? C. 

Mr. С. C. HAWKINS (communicated): In addition to the valuable 
data given by the author, something might be added in reference to 
similar data for coils divided into sections, with ventilating passages 
between the sections. Each coil is divided into, say, threc sections, 
with intervening air-gaps of 3 in., and the whole coil is separated from 
Ше pole by distance-pieces, so that air can freely pass radially inwards 
and upwards. "The cross-arca of each section is such that it is not far 
from square, or if anything the radial depth is slightly greater than the 
axial height. Тһе merits of the construction are that the inner end- 
Connections can be so casily brought out, and a thin wrapping of tape 
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gives perfect insulation ; but also incidentally the mean final rise of the 
coil is таас to approach much more closely to the external surface 
rise, and the heating coefficient for the mean final rise on the basis of 
calculation suggested by the author can be reduced with open dynamo 
coils to 800, or even as low as 700. Опе of the sections is conveniently 
confined to the series winding when the machine is compound-wound. 
Of course such “sectionised” coils are slightly detrimental to the 
efficiency of the machine, since if the intervening gaps were filled up 
with copper less watts would be spent. But in a large machine this has 
so small an influence on the efficiency that its economy recommends it. 

Since almost all insulating materials are good heat-insulators, thick 
insulating bobbins, such as those moulded from vulcanasbest, have 
the disadvantage of raising the heating coefficient considerably, 
although they are of great convenience to the manufacturer in thc 
process of winding. When they are used it is advisable to take the 
exterior surface only as the basis for cooling calculations. 

One hardly likes to add any figures dealing with the rise of the 
exterior surface for fear of meeting with the reproach, * How very 
unscientific !" It 1$ quite true that the mean rise of temperature 
bears more immediately upon the Ше and regulation of the machine. 
But the fact is that up to the present in the majority of specifications 
it still remains the rise of temperature of the exterior surface ‘as 
measured by a thermometer, for which a limit is specified. It must 
therefore possess the greater interest to the designer so long as the 
acceptance or rejection of the machine depends upon it. Further, 
there is something to be said for it, since the test is so easily applied, 
and agreement between purchaser and seller follows at once from 
inspection of the thermometer, while the measurement of the hot 
resistance has to be very carefully taken if accurate results are to be 
obtained. In reference to surface rise, the figure for well-ventilated 
“sectionised " coils is reduced to about 465 to 400. 

Мг. LisTER (іп reply): In view of several criticisms as to the 
reliability of the figures given in Table IV., I would like to emphasise 
the fact that they are put forward as a consistent range of approximate 
values only, and, as stated in the paper, accurate figures for working 
conditions can only be obtained by direct experiment on the par- 
ticular type of coil and machine under consideration, and such figures 
only apply to this type. 

In reply to Mr. Lea, potentiometric measurements are troublesome 
and difficult to carry out in the case of running machinery. Good 
moving coil instruments will give results sufficiently accurate, and such 
instruments will be found in every test room. Мг. Lea's reference to 
iron piping is interesting. Iron pipe is probably a better radiator than 
the surface of a ficld coil, and is usually so fixed that it works under 
better conditions. The figure, 1,025, for the heating coefficient which 
appears in Table III. was obtained on a type of machine the field coils 
of which were very favourably placed. The figure of 1,550 in Table IV. 
refers to the modern multipolar protected type. Mr. Lea raised the 
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question of the advisable temperature rise. This has been fully dealt 
with by Mr. Hobart in his contribution to the discussion. 

lagree with Mr. Taylor that convection may be one of the causes 
of the falling of the curves in Fig. 3, but it is also largely accounted for 
by Stefan's laws of radiation. Unfortunately I have had по оррог- 
tunity of testing embedded coils. 

In reply to Mr. Murphy, all the coils tested were black except 
Cols Ш. and V., which were varnished with shellac. 

[ am very much interested in Dr. Glazebrook’s treatment of the 
problem. But it appears to me that in addition to determining & for 
each type of coil, it will be necessary to determine the exterior conduc- 
tivities Л, and л, under all the various conditions of type, speed, and 
lad. Three ranges of experimentally determined figures will have to 
b employed, and most designers would prefer to use one coefficient 
only, especially as it would probably give results equally useful. 

Dr. Hay's suggested tests should give very valuable data. I under- 
sand that Mr. Rayner has recently been experimenting with various 
coverings, Iam afraid that tests on corrugated coils will not give very 
practical results, апа probably the best way to study convective effects 
will be by testing a coil in various regulated currents of air. Testing 
the coil in place on machine and varying the peripheral speed of the 
amature when running unloaded is of course the practical test for any 
ven type of machine (see Fig. 6). 

1 have to thank Mr. Hobart for the two references to previous work 
which I had overlooked. I did not suggest that Esson's 365 should be 
compared with Goldschmidt's 1,600 on the same basis. In fact, I gave 
the same reasons for the disagreement as those numerically worked 
out by Mr. Hobart. Mr. Hobart shows a very close agreement, but it 
depends upon the figures taken for the two correcting factors uscd. 
Both of these will vary with the type of machine, and in neither case 
5 this information available. Mr. Hobart has very clearly pointed 
out the difference between the temperature rise as measured by 
thermometer and by increase of resistance. 


At the conclusion of the meeting a unanimous vote of thanks was 
passed to the author for his interesting paper. 


Mr. Lister. 
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MANCHESTER LOCAL SECTION. 


ROTARY CONVERTERS FERSUS MOTOR- 
GENERATORS. 


By MiLES WALKER, Associate. 
(Paper read December 4, 1906.) 


The main systems in which rotary converters have been emploved 
can be classified broadly as follows :— 

First, there are railway and tramway systems, where 3-phase 
power is generated for distribution and converted into direct current 
at 500 or боо volts. Here, as a rule, the frequency chosen is fairly 
low, and the rotary converter is indisputably the best apparatus for 
converting. 

The second use of rotaries— which in the future may become very 
much greater than it is now—is for electrolytic work. Неге the high 
efficiency of the rotary converter commends it for general use. 

The third great use for rotaries is in the conversion for lighting and 
traction systems in towns where the frequency of supply is 40 or 50 
M. For the last three or four years there has been a well- 
established opinion in the minds of central station engineers and 
consulting engineers that the 50-С\ rotary converter was a delicate 
and unstable piece of apparatus. This opinion is beginning to waver in 
the face of facts, and there are now 50-Г\) rotary converters of 
capacities from 150 to 1,500 k.w. running in different parts of the 
country in a highly satisfactory manner. 

In order to compare the advantages of the rotary converter over 
the motor-generator for this class of work, it is necessary to take into 
account a great number of features, and for this purpose I have made 
out a table in which the advantages and disadvantages are set out in 
columns. 

The four types of apparatus which are in commercial use at the pre- 
sent time are the rotary converter, the motor converter, the synchronous 
motor-generator, and the asynchronous motor-generator. I have in- 
cluded in the table the permutator, the electrolytic rectifier, and the 
mercury vapour rectifier—not because they are at present serious 
competitors, but because they may at some future time become 
competitors. We may, however, mainly confine our attention to the 
first four. 

Starting.— Beginning with the question of starting, the usual practice 
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with large rotary converters is to employ starting motors, because experi- 
ence has shown that this method of starting is exceedingly simple and 
satisfactory. Where, however, there is any objection to its use, it is 
possible to start up either on the D.C. side ог on the A.C. side. For 
low frequency, rotaries starting up on the A.C. side without starting 
motors and without synchronisers can be recommended. Where it is 
necessary to cut down the starting current to the lowest possible 
minimum, ball bearings may be used with safety up to the 500-k.w. size. 
Ball bearings have been installed at Leeds on 325-k.w. rotaries, and 
have proved satisfactory. One of these rotaries will easily start on 
one-fifth of the voltage of supply, and the maximum current on starting 
up does not exceed one-third of full-load current on the high tension side. 
For larger sizes, if it were necessary for any special reason to start up on 
the A.C. side, special provision can be made in the design of the rotary 
to limit the starting current to a very small amount. Опе reason which 
has been brought against the use of rotary converters in traction work 
is that, if, owing to failure in the generating station, there is a general 
shut down, it is much more difficult to start up again than it is to start 
up with induction motor-gencrators which can be started without 
synchronising. This objection can be met by using self-starting rotary 
converters, such as are installed at Leeds and at other places. A self- 
starting rotary may have attached to it a small exciter in order that its 
polarity may with certainty be brought up the right way in the first 
instance. Тһе position of the motor converter in the matter of syn- 
chronising is the same as the rotary. There is supplied with the motor 
converter a little instrument which indicates when the current in the 
rotor is at the minimum : after the starting switch has been closed, the 
current in the rotor rises and falls, depending on the change of 
frequency. It is just as difficult to hit off the right time for throwing 
in the motor converter by observing this instrument as it is to hit off 
the right time for throwing in a rotary converter by means of a syn- 
chroscope, and the time taken is the same under the same conditions, 
and depends somewhat on the skill of the operator. 

The synchronous motor-gencrator of course сап be started either 
by means of a starting motor or on the D.C. side, or сап be made self- 
starting on the A.C. side when suitably designed. 

'The induction motor-generator, of course, does not require synchro- 
nising at all. 

Parallel Running.—W'e now come to the question of parallel running. 
There is a prevalent opinion that а 350-6 rotary converter hunts ; 
this is true of a badly-designed rotary converter, but is not true of a 
properly-designed machine when working under reasonable conditions, 
such as can ordinarily be found in the sub-stations of towns. I have 
seen а 250-k.w. 50-С\) rotary running in the Polygon sub-station, 
Manchester, in parallel with motor-generator sets in a highly satis- 
factory manner; there was not the slightest suspicion of hunting. 
The rotary took its load with the motor-generators, and was in every 
way perfectly stable. The parallel operation of a о-о rotary 
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converter when properly designed is in every respect satisfactory, 
and the statement to the contrary is based only on experience with 
antiquated machines. Тһе parallel running on the А.С. side of a 
rotary converter is really considerably better than the parallel running 
of a synchronous motor-generator set, because the rotating part being 
lighter, the specd can be more easily changed to meet any sudden 
changes of frequency. In case of a heavy load the rotary has an 
enornous advantage, because the heavy load makes very little 
difference to the mechanical turning moment called for, whereas 
with a motor-generator, the turning moment is proportional to the 
load. In the case of arotary, the work is done by the transformers. It 
is hardly felt by the running machine, which merely acts as a con- 
ductor. Тһе disadvantage of the synchronous motor-generator in this 
respect is to a certain extent shared by the Peebles-Lacour motor 
converter. It is not true that the motor converter has a greater syn- 
chronising power than the rotary. The synchronising current taken 
by a rotary is only limited by the resistance of the line, and the small 
resistance and self-induction of its armature, whereas the synchronising 
current of a motor converter is limited by the self-induction both of 
the stator and rotor of the induction motor end. With regard to the 
parallel running on the D.C. side, all types stand on the same footing. 

Variation of Voltage.—There are really four different questions to 
consider in connection with the variation of voltage. "There is the 
question how far the D.C. voltage varies with the A.C. voltage; there 
is the question how far the D.C. voltage varies when the frequency 
varies; also how far it is possible to obtain hand adjustment of the 
voltage through any required range ; and there is the further question 
of automatic compounding when load comes on. 

Аз to the variation of the D.C. voltage with the А.С. voltage, the 
table shows exactly what the position is. Тһе D.C. voltage and the: 
А.С. voltage of both the rotary converter and the motor converter vary 
together. The simple motor-generator has an advantage in this respect 
in that the D.C. generator is entirely independent, and so long as it is 
running at constant speed and load gives a constant voltage. In cases 
where the A.C. voltage is unsteady, and it is required to preserve a 
constant D.C. voltage, the motor-generator will be the simplest 
apparatus to employ, but tlie superior efficiency of the rotary con- 
verter will sometimes make it worth while to introduce automatic 
voltage regulators, so that a steady D.C. voltage can be maintained, 
notwithstanding variations in the A.C. supply. Automatic regulators 
have been designed which will hold the D.C. voltage constant within 
half of 1 per cent., notwithstanding thc variation of the A.C. voltage 
through a range of 10 per cent. When it is considered how the D.C. 
voltage varies with the frequency, it will be seen that the positions of the 
rotary and the motor-generator are reversed. The D.C. voltage of a 
rotary is not dependent upon the frequency, whereas with the motor- 
generator a change in the frequency of т per cent. will often make a 
change in the D.C. voltage of 2 per cent. 
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Hand Regulation of Voltage.—It is possible to carry out hand adjust- 
ment of voltage through wide ranges on all four classes of apparatus, 
In the case of a rotary converter, there are four methods by which the 
adjustment of voltage can be obtained. 

The simplest method is to build the transformers feeding the rotary 
with a high inductive drop. The arrangement is given diagram- 
matically in Fig. 1. The rotary then behaves very much as a shunt 
generator. By increasing the excitation the voltage is increased ; by 
decreasing the excitation the voltage is decreased. Тһе only drawback 
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to this method is that the power factor varies as the voltage is varied. 
Curve Fig. 2 shows the limits within which the power factor on the high 
tension side varies at full load when the voltage is changed through 
arange of 10 per cent. It will be seen that we kcep within 9s per cent. 
lagging and 96 per cent. leading. As it generally happens that it is at 
heavy loads that we require to raise the voltage, the leading current is 
rather a good point, as it helps out the lagging current taken by any 
induction motors on the system, and tends to raise the voltage of the 
generators. Moreover, it will be noticed that anywhere in the neigh- 
bourhood of normal voltage the power factor is near unity. lt is only 
when the voltage is reduced below normal that the power factor comes 
over to the lagging side. 

The second method for obtaining hand adjustment of the voltage is 
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to put an alternating-current booster on to the shaft of the rotary, and 
change the A.C. voltage supply of the rotary by varying the field of this 
booster. This method is shown diagrammatically in Fig. 3. 

In addition, by means of this booster complete control can be pre- 
served over the power factor, notwithstanding any change in the voltage. 
In all cases where a very wide range of voltage, say up to 25 per cent., 
is required, the booster method is to be preferred to the self-induction 
method. We may take то per cent. range in voltage as being the 
practical limit in this latter case, though by special arrangements it can 
be extended to 15 per cent. 


INDUCTION. 
REGULATOR. 


ROTARY. 
eo. 
DC. D.C. 
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The third method is by connecting an induction regulator between 
the transformers and the rotary. This is shown in Fig. 4. Тһе 
1,500-k.w. 50-С“) rotary converters operating at Brighton obtain 
their voltage regulation by means of induction regulators. One of the 
objections to the use of these regulators is that they require cooling by 
an air-blast ; this, however, is not a serious objection where air-blast 
transformers are used. In cases where an air-blast is available, the 
induction regulator is to be preferred to the A.C. booster if the number 
of poles on the rotary is very great. It will be understood that the 
number of poles on the booster must be the same as on the rotary. 
Where the number of poles is as great as thirty—as at Brighton—the 
induction regulator, in which the number of poles can be made as few 
as we like, makes a cheaper and more compact machine, 
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The fourth method (shown in Fig. 5) of adjusting the D.C. voltage is 
to bring taps from the transformers either on the high tension side or 
on the low tension side, and change the working tappings by means of 
а dial. There will, of course, always be an objection to any system in 
which tappings from the transformer are brought to a dial, on account 
of the possibility of accidental short circuits. 

Compounding.—All four classes of converting apparatus are the same 
in the matter of automatic compounding. It is just as easy to obtain a 
compounding effect of 10 per cent. between no load and full load on a 
rotary converter as it is on a motor-generator. This compounding can 

either Бе carried out by putting a series coil on 
the field of the rotary and self-induction in the 
transformers feeding it, or by adding a series 


HICH coil to the A.C. booster fixed on the shaft. 
% TENSION. There are some cases where a reversed com- 
А. 5 . . . * 
wen S pound winding is useful; for instance, where 


it is intended to run rotary converters in 
parallel with shunt generators, the transformers 
Low should be designed with considerable self- 
TENSON. induction, and a reversed series winding put 
on the rotary converter. This gives the rotary 
all the characteristics of а shunt machine. 
When the load comes on, the voltage falls, 
and by arranging a suitable German-silvcr 
shunt, the characteristics of the machine mav 
be made to imitate very closely the shunt 
ROTARY. generators with which it is to run in parallel. 
Commutation. — In all direct - current 
machines, good commutation is а most impor- 
tant feature. It is common knowledge that 
the problem of commutation on a rotary con- 


D.C. verter is very much easier than on direct- 
current machines, as there is very little field 
Fic. 5 distortion by the armature current, so that 


excellent commutation can be obtained through 
very wide ranges of load. Even up to three and four times full load 
current can be collected from a rotary converter without excessive 
sparking or flashing over, and up to 100 per cent. overload can be 
commutated sparklessly. 

The 40-С\> rotary converters supplied by the Westinghouse Com- 
pany to the North-Eastern Railway Company yield a normal-rated 
current of 1,300 amperes. I have seen one of these machines deliver- 
ing 2,500 amperes on ordinary railway service without the sign of a 
spark on the commutator. 

Іп arccent test of a 50-С\ 250-k.w. rotary converter, in the presence 
of a well-known engineer who wished to see an overload test, the 
machine, when running at three-quarter load, was subjected to an 
additional load equal to 250 per cent. overload, thrown suddenly on 
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with a knife switch, without causing serious sparking. И is hard to say 
what grounds there сап be for the contention that the so-cw rotary 
converter is a delicate and unstable piece of apparatus. The great 
overload capacity of the rotary converter is due not only to its good 
commutating qualities, but to the fact that the copper losses in the 
armature are small on overloads. 

Risk of Breakdown.—The consideration which is most important to 
a station engineer is freedom from breakdown. For smallness of risk 
of breakdown, the rotary converter and its transformers are superior to 
any other converting machinery, because in the first place there is no 
high voltage on the running machine, and in the second place there is 
only one running machine to break down, instead of two. А well.. 
insulated transformer is very much less likely to break down than any 
kind of high-voltage armature. Even if one of the transformers does 
break down, the load can be carried on the other two. 

Power Factor.—As is well known, the power factor of a load of rotary 
converters can be adjusted to any desired figure by varying the exci- 
tation. In ordinary traction work, where the rotaries are compounded, 
the power factor varies with the load, and it is usually arranged that on 
ful load there is a leading power factor on the high tension side 
between 99 рег cent. and 96 per cent. This gives a slight leading 
component, which of course is desirable on full load. The synchronous 
motor-generator set is the same as the rotary converter in this respect, 
that the power factor is completely under control in all circumstances. 
The asynchronous motor-generator set has a lagging power factor less 
than unity. 

Efficiency.—Here the rotary converter has a substantial advantage 
over any other type of converting apparatus. In comparing the 
efficiencies of different machines, it is very important to consider the 
basis of their ratings. When a sub-station is supplying a town load, 
it is always necessary to have enough machines running to avoid 
catastrophe in the case of sudden unexpected demands. Тһе 
efhciency of the sub-station will greatly depend upon how many 
machines аге running, and how near to full load they are working. 
If the station is provided with rotary converters, it is in most cases 
perfectly safe to have all the rotary converters fully loaded and allow 
them to be overloaded before a new machine is thrown in. This is 
because the rotary converters can take 5o per cent. overload for an 
hour or two in case the load should be unexpectedly increased. Моге- 
over, they can take тоо per cent. overload without any commutation 
troubles for a time sufficient to synchronise and throw in additional 
machines. When dealing with motor converters or motor-generators, 
which are not able to take such excessive overloads without danger, 
the station engineer is not justified in normally running his machines 
up to such a high point. Не must, except for the very steadiest loads, 
always have some capacity in hand to meet sudden demands and give 
him time to throw in other machines. In making a fair comparison of 
the year-round efficiency of different types of converters, it would not 
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be unfair to take the efficiency of the rotary at full load and the other 
types of apparatus at three-quarter load. In the table, however, efh- 
ciencies are given without regard to this additional advantage on the 
part of therotary. The machines are compared designed with the same 
liberality and same factor of safety in insulation and mechanical 
strength. 

A ttention.—In the amount of attention required to keep a machine 
clean and in good running condition, the rotary converter is just twice 
as good as its competitors. There is only one machine to keep clean 
instead of two, and, moreover, the easy commutation enables the carbon 
brushes to run for years with only the slightest wear. 

Floor Space.—In the matter of floor space, the rotary is again at the 
head, provided the transformers can be placed in a lower or upper 
storey, as is often the case. Тһе floor space of the rotary is 77 sq. ft. ; 
of {һе motor-generator 164 sq. ft. ; and of the motor converter 117 sq. ft. 
In addition to this, the starting motor of the rotary (if required) takes 
up a few square feet, as does also the starting box of the motor con- 
verter. А comparison of the floor space of 500-k.w. sizes is still more 
in favour of the rotary. 


DISCUSSION. 


The The CHAIRMAN (Mr. T. L. MILLER): Before opening the discussion, 

Chairman. ү should like to make one or two remarks оп the paper. The author 
has presented the case between the converter and the motor generator 
very fairly. He states that such rotaries as he has met with which 
have given trouble are of antiquated design, but no doubt we shall 
hear a good deal of difference of opinion with regard to the operation 
of rotaries and motor generators. In the past there has undoubtedly 
been very considerable difficulty with running rotaries at 50 or 60 
СӘ. Of course the most important point for the central station 
engineer is continuous running. The matter of efficiency is a very 
trifling one compared with a shutdown, which would be likely to cause 
a greater financial loss than any slight gain in efficiency. 

The author has drawn attention to the fact that the voltage varies 
on the D.C. side with that on the А.С. side with the rotary, and has 
pointed out how that could be got over, but all such additions cost 
money, and if there 15 an advantage in price, then every additional 
appliance put on means a reduction of that advantage, and I should 
like to have from Мг. Walker some figures with regard to the cost 
of the motor gencrator with the extra appliances. I think the majority 
of us are concerned with wbat we can buy the machinery at, and 
no doubt during the evening we shall have some figures with regard 
to the relative cost. 

There is another point in regard to the operation of rotaries 
which I should like to refer to. In a paper read before the American 
I.E.E., reference is made to trouble experienced when rotaries are 
run in parallel from one bank of transformers, It appeared from the 
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discussion that that arrangement had in a number of cases given rise 
to a very great deal of trouble, but that these troubles were obviated 
by putting with each rotary its own bank of transformers, I should 
be glad to know if the author has experienced that trouble. 

Mr. S. L. PEARCE: What few remarks I have to make I make 
from the point of view of the central station engineer, and more 
particularly from that of one who has had at some time or other most 
of the types of plant mentioned in the paper under his control. I do 
not propose to go into the technical points in connection with the 
design of motor generators and of rotary converters. There are, of 
course, a very large number of interesting points in connection with 
the design of rotaries, but more particularly of the so-() rotaries, 
which of necessity are bound to have a very large number of poles 
and a large number of commutator bars, with comparatively small 
centres between the brush collectors. All those are points which 
I hope will be brought out later on, as bearing on the question 
whether the 50-C rotary is really a good piece of electrical appa- 
ratus or not. The author divides the use to which rotarics may 
be put under practically three headings. He instances first of all 
traction plants. He then goes on to mention in the second place 
the use of rotaries for electrolytic work, and instances the Car- 
ville sub-station of the Castner Kellner Company. І was in that 
particular station a few weeks ago, and was somewhat surprised 
to see alongside the rotary plant, three motor-generator sets, of 
600 k.w. capacity. It would be of interest to know why it was 
found necessary to put motor generators alongside the rotaries in 
the Castner Kellner station. Тһе third and most important point 
is the question of using rotaries at бо со for combined lighting 
and tramway work, and one cannot fail to be struck with the verv 
sow advance made in the past few years with the installation of 
rotaies on 50-(w) circuits. It may be said that this is due to 
prejudice on the part of station engineers. I prefer to think it is not 
due altogether to prejudice, but to certain well-defined and clear 
opinions that English engineers have with regard to the comparative 
merits of the operation of rotaries and motor converters on high 
frequency circuits. I have only this evening rcturned from a most 
interesting visit to the Continent. During a course of inspection of 
some of the large plants operating there, I have come in contact with 
à good many engineers, and am much impressed with the fact that 
there is on the Continent, as in England, a very deep-rooted objection 
to the use of rotaries оп 50-ow circuits. With regard to the author's 
statement that opinion was beginning to waver іп the face of facts, 
and that there were a large number of 50О-С\) rotaries being put 
down in the country, it will be interesting if he can give us a list 
of this plant, and also the size of the units. I think the r,500-k.w. sets 
referred to are at Brighton, and there the voltage on the D.C. side 
is low, being only 250, which makes a considerable difference in the 
design of the machine. Т have been informed, I do not know 
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whether correctly or not, that at Brighton, where only one turbine 
is run at Southwark power station, and one rotary is run in the 
town, that at times of light-load oscillations are set up on the line, 
and they are obliged to put in a second turbine to stop that oscilla- 
tion. The author brings out very clearly the good points of the 
rotary converter and the motor converter as against the remaining 
types enumerated, and the most unbiassed mind cannot fail to be 
struck with the fact that the first two machines are bound to be the 
machines to be utilised in the future. 

Taking the first point in the paper—the question of starting—there 
is no question that for rotaries operating at бо с.) there are really 
only two practical methods for starting, viz., by means of a small 
induction motor at the end of a shaft, or starting from the D.C. side, 
and the former is undoubtedly preferable. At 25 Wy it is possible 
to start up on the A.C. side, and it is done invariably in the case of the 
first machine on the Central London Railway system, but it is not easy, 


` because there is often a difficulty in getting the field to build up to the 


right polarity, and a large amount of time is often wasted in so doing. 
With regard to starting up motor converters, they, of course, can be 
started up from the D.C. or the А.С. side, but the latter is preferable. 
The author has got a little bit adrift as to the method of starting up 
motor converters ; it is only a small detail, but I will say this, that of 
all the types of sub-station machinery that I have had under my control, 
I consider there is nothing so good as the motor converter as rcgards 
the ease with which it can be got into synchronism. Тһе author dcals 
with the question of the tendency for the rotary converter to reverse 
its polarity. I do not know how far that is prevalent in up-to-date 
machines, but it certainly is a serious nuisance on many occasions on 
the Central London Railway system. 

Now we come to the question of parallel running, and I am bound 
to state that the 250-k.w. set referred to at the Polygon sub-station has 
run satisfactorily in synchronism with Stuart Street and in parallel with 
existing sub-station motor-generator sets. The conditions, however, are 
very good. The variation in the frequency of the Stuart Street supply is 
under 1 per cent. ; under the worst conditions the maximum variation 
was 1$ per cent., and it frequently came down to half of т per cent. I 
do not think that is bad at all. As regards the voltage, the average 15 
I per cent. either way from the mean. In all large central stations 
some engines may govern better than-others, but the facts are as stated. 
In the case of the many converter sets installed on the Manchester 
system we have never experienced the slightest trouble as regards 
parallel running. 

The author states that it is not true that the motor converter hasa 
greater synchronising power than the rotary. I do not know whether 
that is so, but it appears to me that, as all motor converters of the latest 
type are wound for 12 phases—and I am not sure whether that is a 
standard practice—the synchronising power of the motor converter 
must obviously be greater than that of the rotary. Тһе authors 
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statement is not correct with regard to the parallel running on the 
D.C. side, that all types stand on the same footing. Take the case of 
the rotary converter, every fluctuation on the А.С. side has a correspond- 
ing fluctuation on the D.C. side, but in the case of the motor converter 
half the D.C. energy is generated energy, and depends, of course, on 
the periodicity. 

With regard to the question of the variation of voltage, I agree with 
the author that, in cases where the A.C. supply is exceedingly variable, 
it is preferable even under those conditions to employ converter plant, 
and to use a voltage regulator so as to keep the D.C. voltage constant. 

The next point touched upon is the question of hand regulation of 
voltage, with which also is more or less bound up the question of 
variation іп power factor. Тһе author mentions four methods by 
which hand regulation can be accomplished, and the first is by means 
of putting а self-induction into the transformers. That does not appear 
to me to be a method that has a great deal to commend it. I think 
there will be some little difficulty in calculating the exact amount of 
self-induction that is required in the first place, and it seems to me that 
the preferable arrangement would be to add self-induction by means of 
а separate coil or separate chokers, which could be altered, if found 
necessary, later. Оп looking at the curve in Fig. 2 it will be scen that 
even with the method advocated by the author of putting self-induction 
into the transformers, the power factor varies from 8 per cent. to 9 per 
cent. for a 5 per cent. up and down, or a total of ro per cent. voltage 


regulation. That appears to be too wide for practical working con- 


ditions. The second method advocated for hand regulation is by 
means of an A.C. booster, and that undoubtedly is a very pretty and 
beautiful arrangement, but it adds very considerably to the cost, a point 
which was brought out by the chairman in his remarks, and, in com- 
paring cost between machine and machine, one must know what the 
accessories are going to cost. It is only right to state, of course, that 
with the А.С. booster one can get perfect control over the power factor. 
The third method mentioned was by means of the induction regulator, 
and that is, I think, open to the objection stated in the paper. The 
fourth method is rarely used, and very little information is forthcoming 
upon it. I have here soine results of tests carried out at the Dickinson 
Street sub-station on 500-k.w. motor-converter plant operated at full 
load. At 420 volts on the D.C. side the power factor was unity ; rising 
up to 450 we got 98 per cent., leaving, that is, practically 7 to 74 per 
cent. alteration in the D.C. voltage with only 2 per cent. variation in 
power factor. ^ That is exceedingly striking, and brings out the main 
points of difference on the question of hand regulation between the 
rotary converter and the motor converter. The author, I think, 
minimises the question of power factor, but it must be remembered 
that, taking the Manchester sub-stations, they are running practically 
all day at 420 volts, and it is only for a very short period of the day, 
during the peak of the load, that the voltage is raised to 450 volts ; so 
that for the bulk of the twenty-four hours they аге working on a poor 
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power factor, which becomes unity or slightly leading for a very short 
period only of the day. Therefore it seems to me that the method of 
putting self-induction into the transformer is really not good enough for 
practical work. 

With regard to the question of commutation, the test to which 
the author refers on the 50-С\> 250-k.w. rotary converter is extra- 
ordinarily good, and the machine proved to be most stable, the results 
being excellent, but I will go so far as to say that the motor converter, 
from the records available, is very little inferior to the rotary converter, 
even on that point. I have been informed quite recently by the 
resident engineer on the Great Western Railway that six 600-k.w. 
motor converter sets installed there had stood dead shorts on the line, 
and never showed the slightest tendency to flash over, and as regards 
overload, I can only say that those machines at the Great Western 
Railway have carried, I think, 1,000 k.w. for one hour with perfect 
commutation without undue heating. On the Manchester sets I have 
run the 500-k.w. motor converters arranged with commutating poles, 
with 8oo k.w. for a solid hour, and the 250-k.w. sets with a load of 
450 k.w., for the same period, without sparking and undue heating, and 
I think the results are quite good enough for practical working. 

Regarding the risk of breakdown, it is a very novel argument to be 
advanced, and it would have been just as well if it had been omitted 
from the paper, as it did not bring out any very good points in favour 
of the rotary converter. Moreover, it seems to me that the paragraph 
is quite misleading, because the author states that there is no high 
voltage on the running machine. Where is the high voltage on any 
portion of the running machine? Is it not just as safe to have the 
high voltage on the stator as on the transformer? What is the voltage 
we get on the rotors of the converters? I have known transformers 
give quite as much, if not more trouble than the stators of any motor 
converters. | 

We now come to the question of efficiencies, and there the author 
is quite right in his statement that the rotary converter does show 
a superiority to any other type of converting apparatus. I do not 
think it is as much, however, as he makes out. We recently invited 
tenders in Manchester for 1,500 k.w. converting plant, and on the 
maker's own showing there was only a difference at full load of 14 per 
cent. І do not doubt the figures put forward for rotaries are correct, 
but I am quite certain that the figures put'forward for the motor con- 
verters are good, because I have proved up to the hilt that the figures 
obtained on smaller sizes have been surpassed. I am of opinion that 
for all day in and out running there is not much more than тұ per cent. 
margin in favour of the rotary converter. 

With regard to cost, that question is a little bit outside the scope 
of the paper, but I can only say that the logical deductions drawn as 
to the cost of rotary plants are not borne out in practice. А good many 
conditions govern the market price, but as far as the buyer is concerned, 
my experience is not exactly what has been forecasted. 
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With regard to the general conclusions on the subject, there is 
no doubt about it that if one is going in for rotary converter plant, 
the plant must be carefully designed, having in view the conditions 
under which it is going to operate, and most accurately adjusted. 
It is no good buying rotaries promiscuously, and putting them down 
on any system. "The author has referred to rotaries running in the 
Polygon sub-station; no more ideal site could be found. The sub- 
station is situated in the centre of the Manchester system, is heavily 
loaded, and the rotary is set to run on a steady lighting load. I do not 
say all rotary converters are stable, or all rotary converters unstable, 
but I do say that in adopting rotaries at 50 ^X we shall be cutting 
down to a pretty fine point the line between a stable and an unstable 
machine, and looked at from that point of view, it seems to me that we 
are running a risk of decreasing their factor of safety. 

Mr. La Cour: I have been much interested in this paper, which 
deals with such an important subject. In a number of respects, how- 
ever, my views differ from Mr. Miles Walker's, and I should particu- 
larly like to define what I claim to be the correct status of the motor 
converter. As the 50-сх motor converter generally consists of ап 
induction motor coupled in cascade with a 25-cw 12-phase rotary 
converter, it is evident that it closely resembles an ordinary rotary con- 
verter worked in series with a stationary transformer. From this the 
advantages will readily be understood which a 50-^o motor converter 
possesses over а 25-^ rotary converter. Тһе two types differ 
principally in three respects: first, as regards the revolving mass; 
secondly, as regards the reactance ; and thirdly, that the motor con- 
verter is working half as a motor generator and half as a rotary 
converter. Тһе author claims that the small mass and low reactance 
of the rotary converter is advantageous. I think the other way about. 
It has long been known that Ше 50-с\> synchronous motor generator 
which has large revolving masses and a fair amount of reactance is a 
much better machine than the rotary for stability ; from this it is 
obvious that the 50-с\> motor converter must have an advantage over 
the 25-05 rotary. Let us, for example, take the extreme, and consider 
the behaviour of a 25-() rotary with negligible mass and reactance— 
that is, with an immense synchronising force. Such a machine would 
follow the engines in all their irregularities in speed and the lights 
would flicker. In my opinion, therefore, the motor converter stands 
at good advantage in this respect, since it possesses a fair amount of 
flywheel effect and reactance ; the first tends to steady the system, and 
the second prevents the motor converter taking up alarge synchronising 
current which consists of higher harmonics when running light. Тһе 
revolving field of the induct’ л motor also has the same effect, so that 
the motor converter does not take any synchronising current at all. 
The ratio between the flywheel effect and synchronising force is 
naturally made so that no mechanical resonance can take place between 
the converter and any of the prime movers on the system and so dis- 
turb stability. From experience extending over many years it has been 
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Mr. proved that machines with large synchronising forces and small fly- 
eye wheel effect are more liable to cause hunting than machines with a fair 
amount of reactance and flywheel effect. 

The reactance voltage of a transformer designed on normal lines is 
about 3 to 4 per cent. of the working pressure, while the reactance of 
an ordinary induction motor varies between 15 per cent. and 20 per 
cent. It is, of course, possible to design a transformer with more 
reactance and an induction motor with less; but as the reactance of a 
transformer and machine of given proportions increases with the number 
of turns, an increase in reactance means more copper and less iron, 
and as it is well known that iron is cheaper than copper, it is quite 
clear that an increase in the reactance over a certain limit (which 15 
fairly low in the case of a transformer) will increase the cost of the 
apparatus. 

The commutation, of a 5о-9 motor converter, is theoretically 
considered, inferior to the 25-cy rotary, but by means of commu- 
tating poles it is possible to obtain sparkless running with well over 
IOO per cent. overload, which meets most requirements. Аз the over- 
load capacity of rotaries is generally limited by hunting and not by 
sparking, as the author appears to think, it is easily seen that the 
50-0 motor converter from the operation point of view is superior to 
the 25-0 rotary and far superior to the 50-0). 

As regards efficiency, the rotary naturally has a slight advantage, 
which amounts to 14 per cent. for a 1,000-k.w. set at full load. The 
50- and бо-с“2 rotaries have many poles, high peripheral speeds and 
small distances between the brush spindles, so that these machines are 
more liable to hunt and flash over than the motor converters and 
25-00 rotaries. 

As regards the contention that the motor converter is a far more 
satisfactory machine on the higher frequency circuits than the rotary, 
we have but to refer to plants in operation in Great Britain and the 
United States. Тһе Seattle Electric Company, which take a part of their 
power from the Snouqualmic Falls Power Company, claim to have the 
largest installation of rotaries working on 60-^Q circuits in the United 
States. During the years 1900-1904 much trouble was experienced, 
they frequently flashed over at the brushes, and hunting and flickering 
іп the lights was quite common. Although the trouble could not 
entirely be attributed to the rotaries, they were undoubtedly responsible 
to a great extent, and in spite of the experience gained during the time 
they have been working, their performance still leaves much to bc 
desired. The commutators still require the use of sandpaper at least 
once a week, and many attempts have been made to obtain a suitable 
brush. With the motor converter such troubles are practically un- 
known. 

The machines of the motor-converter type recently supplied to 
the Great Western Railway are of the latest design, being provided 
with commutating poles and they can withstand 100 per cent. overload 
without signs of sparking. Оп one occasion an iron bar was acci- 
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dentally dropped across the connections of one of the machines 
leading to the busbars, causing a dead short; the machine vibrated 
violently but did not flash over. 

The statement which the author makes with regard to the Westing- 
house Company supplying rotaries which will stand 50 per cent. 
overload continuously without heating, appears to indicate that there 
are certain features in the design of rotaries over which they have 
no control. [ is obvious that a machine cannot do this without 
an abnormal amount of material, which the customer pays for. The 
question of initial outlay, however, the author wisely considers outside 
the sphere of the paper. 

The remaining points which are raised against the motor con- 
verter I think quite unnecessary to consider, as the various statements 
which have from time to time appeared in favour of these machines 
have beenramply borne out in practice. 

In conclusion, I feel convinced that the motor-converter plant has 
distinct advantages over the other forms, especially on the higher 
frequency circuits, and that а 5o-C motor converter can meet all 
ordinary requirements and at the same time prove a much better 
all round article than any rotary or other machine on the market. 

Mr. J. Н. BOWDEN : In calling for tenders for motor generators at 
Poplar we asked the contractors to put forward alternative suggestions, 
and orders were placed with Messrs. Bruce Peebles for motor con- 
verters on account of the low cost and the great simplicity of their 
proposal. With regard to reversal of polarity, a small exciter is 
suggested in the paper ; this is a complication. There is no tendency 
in a motor converter to reverse. I do not agrce with the author that a 
rotary is easier to synchronise than a motor converter. Тһе needle 
seems to stop longer in the position denoting synchronism starting 
from the D.C. side, and other complications are not advisable if 
avoidable. Тһе induction regulator, for instance, requires an air-blast 
and other accessories. The author speaks of 50 per cent. overload for 
ап hour or two. If this is the case and the efficiency does not drop 
with the overload, why do they not rate these machines higher? With 
regard to the question of attention, the Poplar motor converters are 
only shut down for three hours per week, and one can hardly demand 
less attention than that. 

Mr. J. S. PEck: I have been told frequently that there exists a strong 
prejudice in Great Britain against the rotary converter, but I have 
never fully appreciated it before. It has been stated by a preceding 
speaker that transformers cannot be made with very high reactance. 
This is not correct, as transformers can be built for any reactance 
desired. Ordinarily very considerable trouble is taken in order to 
keep the reactance low. If a transformer is desired with a high 
reactance it will, in general, be cheaper than one with a low reactance. 
The objection to high reactance in transformers or other apparatus is 
that it impairs the regulation. Transformers have been built with so 
high a reactance that they will stand a short circuit without taking 
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more than full load current. А motor converter may be short-circuited 
without damage provided there is sufficient reactance in series with it 
to keep down the current to a low valuc. Тһе same can be said of апу 
other {уре of alternating-current machinery. 

A question has been asked regarding the possibility of operating 
rotaries in parallel from the same transformers. Іп general it is not 
advisable to operate rotaries in parallel from the same А.С. busbars. 
If, however, the transformers are provided with separate secondaries, 
one for each rotary, as many rotaries as desired mav bc operated from 
the same bank of transformers. 

I think the whole question amounts to this: Can the 50-cu 
rotary converter be made to operate with perfect satisfaction ? Тһе 
best answer to this question is that there are thousands of kilowatts of 
50-, бо-, and even 66-с\ rotaries in highly successful operation in 
Canada, in Mexico, and in the United States, and during the past уеаг 
a large number of so-cw rotaries have been installed іп Great 
Britain. Troubles have, however, Бесп experienced with rotary con- 
verters for both low and high frequency work. Some trouble was 
experienced with the rotaries on the Underground Railway in London, 
due to the fact that they flashed over when violent short circuits 
occurred on the D.C. side. It was found, however, that the rotaries 
would stand enormous overload without flashing, and that they flashed 
only when a short circuit occurred just outside the sub-station—a соп- 
dition under which any well-designed machine would fail. 

Recently a case has been brought to my attention where a rotary 
flashed over. Оп investigating the conditions I found that this 
occurred only when 150 per cent. to 175 per cent. overload was 
suddenly thrown off the machine. I asked what a D.C. generator 
would do under similar conditions. Тһе reply was that а D.C. gener- 
ator would probably flash over before they could get any such over- 
load upon it, but that a rotary was expected to give very much heavier 
overloads than a D.C. generator. 

A few days ago I visited a station where several motor converters 
were installed. Two of the machines were operating at half load 
without sparking. When the load on one machine was reduced from 
$ to 1 load, the brushes sparked violently and had to be shifted. 
The remainder of the load was thrown off, the brushes sparked again, 
and had to be readjusted. Thus, in going from half load to no load, 
two adjustments of the brushes were required, yet these machines had 
been pronounced eminently satisfactory. I think that if a rotary con- 
verter had been installed in which two adjustments of the brushes 
were required in going from half load to full load, it would deserve to 
be called a miserable failure, yet the motor converter is said to be 
entirely satisfactory. The motor converter was invented in 1899 bv 
Maurice Leblanc. About two years later it was invented independ- 
ently by B. G. Lamme. 

Мг. W. Cramp: Although I should like to give help to the side 
of the author and the rotary converter, I must confess myself unable to 
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do much in that direction. He admits that the real machine that 
central station engineers want is one which will transform high tension 
alternating current to low tension or 600-volt direct current, and allow of 
voltage regulation ; and while starting from that point of view, which 
is perfectly fair, he proceeds to compare the simple rotary converter 
with the motor converter, the motor gencrator being admittedly out of 
the question at the present moment. Не mentions the need of trans- 
formers under certain circumstances where the advantages of trans- 
formers come in, but when it comes to the question of floor space, and 
to one or two other items in the table given at the beginning of 
the paper, as, for instance, regulation, power factor, attention, cost, 
and so on, there the necessity for transformers apparently drops out. 
There із one question that has not been touched upon as yet, and that 
is the extra complication of the switchgear. It seems to me that if we 
compare the switchgear required for the motor converter as against 
that required for the rotary converter, there alone is a very great 
advantage on the side of the motor converter. Тһе switchgear for the 
latter is much more simple, and as far as the risk of breakdown is con- 
cerned the risk is certainly greater in my estimation in the rotary-con- 
verter system with its switchgear than it would be in the motor- 
converter system, and certainly the connections are more complicated 
in the formerecase. But apart from those considerations, a case which 
has been forgotten is the central station іп which voltage regulation is 
not of such very great importance, and particularly a low frequency 
central station. There it seems to me the rotary converter might well 
hold its own against the motor converter. One might say, indeed, that 
the truc comparison really existed, not as the author had drawn it, 
between the rotary converter and the motor converter, but between 
the rotary converter and its accessories, and the motor converter and 
it» accessories; so that where there is a traction system alone and 
voltage variation does not very much matter, there the rotary converter 
will be adopted ; while for anything in the way of a lighting system, or 
combined lighting and traction system, the motor converter has the 
ficld, and will keep it. 

Mr. Н. M. SOUTHGATE : There seems to be an idea that the author 
has touched lightly on question of cost because it is unfavourable 
to the rotary. Prices to-day are determined very largely upon 
competition rather than upon the actual cost of manufacture. Price 
in most cases is the determining factor in award of contracts. I do 
not think there is any doubt but that the same firm making both 
rotary converters and motor converters will find the actual cost to be 
lower for the rotary complete with stators, oil, starting motor, and степ 
А.С. booster if necessary. Practically the same switchgear would 
be required in each case, as there is no need of apparatus in the static 
transformer secondaries with the exception possibly of isolating 
switches, which would cost but little. 

There are two schools in the United States regarding high 
periodicity rotaries. The lack of success of the General Electric 
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Company with бо-С\) rotaries was such that they at an early date 
took the stand for motor generators for higher periodicity work. 
The Westinghouse was so satisfied with the high periodicity machines 
that in determining the periodicity for a 30-mile inter-urban system 
бо CO was put in rather than wait a few wecks for 25-00 apparatus. 
That was ten years ago. 

Mr. T. H. ScHoEPF : In 1889 and 19oo I was responsible for four 
tramway sub-stations equipped with rotary converters operating on 
the supply system of бо cw, and the operation, in every particular, 
of these machines gave entire satisfaction for the two years I was 
with the tramway. One of the sub-stations was equipped with six 
300-k.w. rotary converters with starting motor, the switchboard com. 
prising six A.C. panels, six D.C. panels, and five feeder panels. 
One day, I undertook to start all six machines and switch on 
the five feeders within ten minutes from the time of entering the 
building. This was actually accomplished within 9$ minutes, and I 
do not think equally good results could be obtained with motor 
converters. 1 know of only one instance in two years in which a 
rotary had “ flashed over" or “ bucked,” and that one was due to ап 
inexperienced attendant leaving the brushes out of the neutral position 
after cleaning the machines. 

Upon an inter-urban railway, the Union Traction Company of 
Indiana, a test was made to determine the length of time a rotarv 
converter could be operated continuously without shutting down. 
After three months' satisfactory operation the machine was shut down 
to renew the carbons on thc D.C. side. 

Concerning the admitted difference of efficiency in favour of the 
rotary converter as compared with the motor converter, suppose 
we assume a 1,000-k.w. set with average all-day load of боо k.w. and 
a difference of efficiency of 1 per cent., which, with power at 4d. per 
unit, results in an annual saving of £109. This capitalised at 5 per cent. 
is £2,000, which may be expended in rotary converters to place them 
on the same basis with motor converters as regards first cost. 

Мг. Е. Н. WHYsaALL : On the question of starting up, we have 
installed at Dickinson Strect station four motor converters, and I find 
that the average time taken to start up is two minutes for everything 
for each motor converter. We can do it in less; the entire operation 
has been done in one minute twenty seconds. I think that is very 
good, and better than Mr. Schoepf's record. Personally, I should be 
very glad indeed to have some expcrience of the author's booster 
regulated sets. I really believe that they will work satisfactorily, 
and in comparison with other tvpes that have been mentioned, they 
would stand a very good chance. I think the question of first outlay 
is a most important one in connection with this matter. Тһе booster 
regulators and other accessories seem to cost money, and that ts 
a point that influences engineers in purchasing converting machinery. 

Mr. M. B. FIELD (communicated): There аге few men better 
qualiticd than the author of this paper to discuss the vital points 
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of the design of rotary converters and motor generators, and it was 
with a feeling of much regret that I found all “ State secrets" zealously 
guarded and excluded. Тһе author merely deals with the pros and 
cons of the subject from the user's point of view, with, I presume 
the twofold object of eliciting a beneficial discussion and dispelling 
the strong prejudice which he alleges exists against rotary converters. 
1 quite agree with the author as to the existence of this prejudice, 
but I think the performance of the early rotaries, as supplied, is solely 
to blame therefor. Тһе author appears to me to characterise all 
such rotaries of doubtful behaviour as antiquated, and if this contention 
be upheld, station engineers must bear in mind that rotaries have in 
the past become antiquated while yet in the prime of life, and a due 
allowance should be made in the assessment of their plant-value for 
such antiquation. Тһе discussion of the relative merits of these two 
classes of converters will never, I suppose, cease, there will always be 
advocates for each system, and to my mind it amounts to six of one 
and half a dozen of the other. 

It appears to me that the only case the author has made out 
for the rotary is higher efficiency and greater momentary overload 
capacity. Му experience of rotaries, supplied not many years ago, 
has been that the high efficiencies claimed by the makers are not 
realised in practice—but perhaps the machines are now antiquated. 
Ав regards overload capacity, it must be remembered that with the 
advance in the design of rotaries, corresponding advances have been 
made in other commutating machines, so much so that a good D.C. 
generator running at high speed and provided with inter-poles will, 
| ат told, behave satisfactorily with momentary overloads up to 
twice full load. Similarly, the motor portion may be very consider- 
ably overloaded for short periods, so that although the rotary will 
certainly have some advantage, I do not think it is necessarily a 
great onc. 

With regard to floor space, I think it is not fair to reckon on putting 
transformers in a basement or top storey. If the transformers are 


oil cooled they should be grouped in brick cells with means for ' 


ventilation, which can be cut off in the case one takes fire. If air- 
blast transformers are used, the usual paraphernalia of air-flues, blower, 
dampers, etc., are again necessary. All this should be taken into 
account when considering cost and floor space. When we remember 
that the adjuncts of the rotary are such details as transformers with 
their low-tension cables, and sometimes low-tension switchgear, starting 
motor, А.С. booster or induction regulator, exciter, and so on, it does 
not appear that the adoption of rotaries conduces to simplicity. 

One objection to rotaries that I have frequently met with is the 
tendency to reverse their polarity if the voltage of the generating 
system is momentarily lowered. I have known fairly frequent cases 
where, say, half of the total number of rotaries working on the same 
system have had their polarity reversed by some unusual disturbance at 
the generator end. ` This, of course, may be very disconcerting, to put 
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it mildly, and I would like to ask the author if this again is confined to 
antiquated machines. 

I trust I may be excused if I refer to another point to which I have 
already called attention in my recent paper on "Idle Currents." I 
refer to the special losses in the armature conductors, if solid, owing 
to the non-uniform current distribution. This-must, I think, occur in 
rotary converters to a more pronounced extent than in any other type 
of machine, owing to the peculiar shape of the resultant current 
flowing in the armature bars, i.e., the current which results from the 
A.C. input and the D.C. output. This is a very irregular current, 
consisting of corners and odd bits where the A.C. and D.C. currents 
do not quite fit into one another, with the result that the effective 
current consists of a number of high frequency terms which are 
particularly active in increasing the armature losses. 

In the case of large systems, the variations of frequency in the 
generating station are not so likely to occur as variations in the A.C. 
voltage. With motor generators, the voltage on the D.C. side will bc 
unaffected by variations of voltage on the A.C. side ; whereas in the 
case of the rotary converter the reverse is the case. This point has 
certainly been mentioned by the author, but I do not think sufficient 
emphasis has been laid upon it, and in large systems supplying 
railways and other work liable to very heavy overloads and supplying 
a considerable amount of lighting at the sametime, the matter is likely 
to be an important one. 

In designing any commutating machine, it is always a matter of 
great inconvenience to be tied down to some particular number of 
poles. This is the case іп the rotary converter where given specd 
limits cannot be exceeded. Оп the other hand, where floor space 15 
very much restricted, motor generators may be built of the turbine type ; 
for instance, ап 830-k.w. set, 50 (NJ, may run at 1,500 revolutions 
per minute, and a 1,500-k.w. set at 1,000 revolutions per minute. Such 
flexibility is, of course, quite out of the question when dealing with 
rotary converters. 

Mr. M. WALKER (in reply): The opponents of the rotary converter 
have harped upon the complications of the booster, induction regulator, 
and the various other contrivances which might be added to a rotary. 
One would think after hearing the discussion that these things were all 
necessary, and constituted the main drawback. Аз a matter of fact, they 
аге not necessary at all. The main method of obtaining the voltage 
adjustment advocated in the paper requires none of these things. We 
want only transformers with a high inductive drop—that is, cheap, well- 
insulated transformers and a rotary converter. This arrangement is 
giving complete satisfaction in hundreds of cases. The power factor is 
sufficiently near unity under all practical conditions. It is only when 
the operator wishes to have complete control over his power factor 
or wishes for an exceptionally great range of adjustment, that we 
advocate the use of the booster. The same thing would be necessary 
under the same conditions with a motor converter. Mr. Pearce told 
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us of a case in which the power factor was. kept within 2 per cent. 
This can be done with a rotary converter by simply increasing the 
reactance іп the transformer. Тһе operation of the rotary and trans- 
formers is just the same in this respect as the operation of the motor 
converter. Both obtain voltage variation by drawing a leading current 
through a machine containing reactance ; the higher the reactance 
the less the current leads when the voltage is raised. Тһе curve 
in Fig. 2, which I consider a good one for all practical purposes, 
is obtained with only 18 per cent. reactance. If we care to increase 
the reactance, as is done in motor converters, and thereby decrease 
the synchronising power, we can obtain just as good a curve on 
a rotary as on any motor converter. The advantage of a rotary is 
that we can make the reactive drop as little as we like. This can only 
be done on the motor converter by enormously increasing its cost. 

Another objection which has been raised against 50-00) rotaries is 
the great number of brush arms. This is not an objection at all unless 
it can be shown that the distance between the brush arms is too short. 
There is no difficulty in making the distance 94 ins., which is quite 
sufficient for all practical purposes. Тһе question is: Will a station 
engineer prefer a machine with only 94 ins. between the brushes— 
which works perfectly satisfactorily in everv way and saves 2 per cent. 
of power, amounting to £350 per year оп a r,500-k.w. machine—or will 
he prefer a machine with 12 ins. between the brushes—which does not 
operate any better and wastes £350 per year? Is the additional 23 ins. 
worth the expense? The number of brush arms оп a rotary is, from one 
point of view, a good feature. It enables the current per brush arm to 
be kept within small limits. Any one having experience with com- 
mutating machines knows that it is not a good plan to have too great a 
current per brush arm. А r,500-k.w. 500-volt motor converter with 
8 poles, when working on 50 per cent. overload, has 1,125 amperes per 
brush arm. А 1,500-k.w. 500-volt rotary working under the same con- 
ditions has only 450 amperes per brush arm. It is well known that 
under practical working conditions the current is not always equally 
divided between the brush arms, and some of the brushes get into bad 
condition. Experience has shown that the only way to get good results 
is to keep the current per brush arm and the current deusity in the 
brushes fairly low, so that И a brush arm is called on to yield double 
its normal current, it can do so without undue heating. It is possible 
by using a special grade of brush to work at current densities as high as 
100 amperes per square inch, but if I were a central station engineer 
with any commutating machines under my charge, I should preter to 
work with 33 amperes per square inch normally. 

Some speakers have thought that a motor converter has an advantage 
Over a rotary in steadiness of D.C. voltage with varying A.C. voltage, 
owing to the fact that it is half a D.C. generator. Mr. La Cour, how- 
ever, did not raise this point : he knows more about it. 

Mr. Pearce considers that there is no more risk in having a high 
voltage on the armature of an induction motor than having high voltage 
Vor. 88. 29 
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on the transformers. I should like to refer him to Mr. Bowden, of 
Poplar, who has had some rather unpleasant experiences with high 
voltage on motor converters. It is impossible to obtain the same 
factor of safety of insulation at a reasonable cost on an armature as ona 
transformer. Morcover, it should be remembered that if the armature 
burns out, the whole machine is shut down for a long time while it is 
being rewound, whereas with a transformer it is simply a matter of 
substituting a spare. 

Mr. La Cour's argument in favour of a large mass in the rotating 
part will hardly bear investigation. He admits that a rotary with a 
small mass can more easily follow the fluctuations in frequency, and in 
that respect it is less likely to go out of synchronism. His contention 
is that the high moment of inertia in the rotating part of a motor con- 
verter prevents the D.C. voltage being affected by fluctuations in the 
frequency of the A.C. supply. Nowit is clear that as the machine runs 
synchronously it is not possible to have a displacement of more than a 
fraction of a pole pitch from the true synchronous position. In one or 
two seconds after any change has occurred in the frequency, the speed 
of the machine must correspond with the new frequency, or the 
machine will have lost more than a pole pitch. 

One hears many stories about commutating machines standing 
short circuits. My experience is that no good 500-volt commutating 
machine will stand a real short circuit. If a machine is designed to 
stand up to its voltage on heavy loads, the current rises to thousands 
of amperes at the moment of short circuit. This causes an explosion 
under the brushes which develops into an arc between the brush 
holders. И this arc does not immediately clear itself the circuit 
breakers come out and the machine shuts down. All commutating 
machines are the same in this respect. Of course it is possible by 
putting in a very high reactanceon the A.C. side to limit the voltage on 
heavy loads so that this danger from flashing over is reduced. This 
can be done with the rotary converter as easily as with any other class 
of apparatus. Itis only a question of policy, as to whether a machine 
is to be designed for the best running conditions, or designed to take 
short circuits. The instance cited by Mr. La Cour of the motor con- 
verter running from D.C. to A.C. and turning round the steam turbines 
is in no way remarkable, the same thing would have happened if 
rotary converters had been running instead of motor converters. 

'The question has been asked as to the efficiency on overload. I may 
say that all the 50-2 rotary converters with which I have had to 
deal had a steadily increasing efficiency up to 75 per cent, overload. 
It was asked further why these rotaries are not rated up. Тһе reason 
is that the policy of the British Westinghouse Co. has always been to 
give a rotary converter of very ample design, so that notwithstanding 
arduous conditions of service, it will stand up and give satisfaction. 
One of their standard 300-k.w. rotary converters will yield 450 k.w. 
continuously with not more than 40° С. rise with an efficiency of 96 
per cent. ‘The only reason why this machine is not sold for a 450-k.w. 
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rotary is that the British Westinghouse Company prefer to give the user 
abigger machine with more poles and less current per brush arm, 
because they know that in the long run he will be better satisfied with 
it when he puts on overloads beyond the 450 k.w. 

It has been said that the switchgear for a rotary converter is more 
complicated and more expensive than for a motor-converter set. This 
isnot so. All that is required for a rotary is high-tension switchgear 
and direct-current switchgear of exactly the same type as used for 
motor generators. It is true that in some cases users prefer to have 
switches between the transformers and the rotary. This is a matter of 
taste. Where it is required it is an additional advantage in favour of 
the rotary, because it would be impossible in a motor generator. 
With regard to the floor space, the figures given in the table are 
based on the floor space occupied by a 500-k.w. motor converter and а 
500-k.w. rotary. 

Mr. Field points out that it is alwaysa matter of great inconvenience 
to be tied down to some particular number of poles. Тһе rotary 
converter gives us a wider choice in the number of poles that may be 
employed than any other type of direct-current machine. For instance, 
а 1,500-k.w. 50-С\) rotary may economically have any even number 
of poles from 4 to 30. If the voltage is very low, a large number of 
poles can be chosen so as to keep down the amperes per brush arm ; if, 
on the other hand, the voltage is high, a smaller number of poles is 
advantageous. I have before me a drawing of a r,500-k.w. 50-0) 
rotary converter with 4 poles; the floor space of this machine is less 
than half that of а motor converter, and the calculated efficiency is 
about 98 per cent. 

To sum up, it has been admitted even by the greatest supporters of 
motor converters that the rotary is a pretty good machine, and I think 
that the evidence goes further than this, and we can say that the 
50-Г\) rotary converter is a very stable machine of great over- 
load capacity, with small risk of breakdown; that it can do everything 
thata motor converter can do under the same conditions, and it is 
admittedly at least 14 per cent. more efficient. 


On the motion of the CHAIRMAN a unanimous vote of thanks was 
accorded to the author for his interesting paper. 


Mr. Walker. 
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Proceedings of the Four Hundred and Fifty-Second 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
February 21, 1907—Dr. R. T. GLAZEBROOK, 
F.R.S., President, in the chair. 


The minutes of the Ordinary General Meeting held on February 7, 
1907, were taken as read and confirmed. 


Messrs. А. Е. T. Atchison and К. Е. Shawcross were appointed 
scrutineers of the ballot for the election of new members, and, at 
the end of the meeting, the following were declared to have been 
duly elected :— 


ELECTIONS. 


As Members. 
Robert Beattie, D.Sc. | Arthur Warren К. Peirce. 


As Associale Members. 


James Butler. John Conrad Bedford Ingleby. 
Bertram $. Cohen. Frederick Margrie. 

Frank Forrest. Alfred John Moore. 

Charles Matthew Forster. William Bolton Shaw. 

Francis John Gerald Holden. Arthur Taylor. 


Henry Howard Vallat. 


As Associate. 


Ernest Alexander Nash. 
VoL. 88. 80 
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As Students. 


Andrew Barr. 

Robert Struthers Begg. 
Frank Birch. 

James Archer Birch. 
Edwin Guthrie Bowers. 
James Bowman. 

Samuel Anthony Brooks. 
James Westhall Brown. 


William Richard Bullimore. 


Percival Drew Butcher. 
Edward Stanley Byng. 
Herbert Stirling Carnegie. 
Arthur Bertram Cartland. 


Charles Lawson Laing. 
Francis Arthur Lawson. 
Guy Ynyr Llewelyn Lloyd. 
Arthur Lockwood. 

James McCluney. 

Harry Camden MacEwan. 
Charles Marshall. 

Edward Montague Marvin. 
Ernest Morgan. 

Norman Herbert Morris. 
Joseph T. С. Philips. 
Myles Herbert Roffey. 
Arthur Ross-Jones. 


]Feb. 21st, 


Stephen Hayter Chase. 
Alfred Lewis Cookc. 
Basil Norbert Dolan. 
John Leonard Eve. 
Richard Francies. 
Arthur Carr Hall. 
Charles W. Hirst. 
Percival Holliday. 
Harold Kingsbury. 


Reginald J. Spencer-Phillips. 
Frederick Ernest Squire. 
William R. Steele. 

James Gibb Stewart. 

Edwyn James Stiell. 

Sidney Fremlyn Streatfeild 
Alexander Thomson. 

Leslie Bruce Wallace. 

John William Weber. 


Donations to the Library were announced as having been received 
since the last meeting from Messrs. L. Amaduzzi, The Colliery Guardian 
Co., Ltd., A. Righi, E. and Е. М. Spon, Ltd.; to the Building Fund from 
Н. Е. Harrison ; and to the Benevolent Fund from С. В. Byng, М. В. 
Byng, H. E. Harrison, H. Hirst, J. P. Lawrence, A. W. Manton, G. 
Marconi, T. H. Minshall, J. В. Smith, W. С. P. Tapper, to whom the 
thanks of the meeting were duly accorded. 


The PRESIDENT : The next matter I have to bring to your notice is 
an announcement which it gives me great pleasure to make, and I have 
no doubt it will give equal pleasure to all the members of thc Institu- 
tion to hear : Lord Kelvin has accepted the invitation of the Council to 
be nominated as President of the Institution for the ensuing year. И 
will be the third time that he will have held that office. 

I now have the privilege of introducing to you Professor J. J. 
Thomson, and asking him to deliver his address on “Тһе Modern 
Theory of Electrical Conductivity of Metals." I feel sure that I can 
assure Professor J. J. Thomson in your name that, though it is thc 
first time he has visited us, his name and his work are well known, 
thoroughly admired, and appreciated by all the members of our 
Institution. 
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THE MODERN THEORY OF ELECTRICAL 
CONDUCTIVITY OF METALS. 


Ву Professor J. |. THOMSON, F.R.S. (Cambridge). 


(Lecture delivered February 21, 1907.) 


It is somewhat remarkable that, though the passage of elcctric 
currents through metals is by far the most familiar case of electric 
conduction, yet our knowledge of the mechanism by which conduc- 
tion is effected is far more definite and far more developed in the 
case when electricity is transmitted through gases or through liquids 
than when it is transmitted through metals. This is no doubt partly 
due to the fact that, thanks to the kinetic theory of gases, we have a 
very much more definite conception of the structure of a gas than we 
at present possess of а metal. But it is also, I think, due in part to the 
fact that the laws and phenomena associated with the conduction of 
electricity through metals are far less varied and show far fewer 
peculiarities than the conduction of electricity through gases. For 
instance, the conduction of electricity through gases shows so 
many peculiarities that it gives a clue to the mechanism ; it gives 
itself away, so to speak, which the more regular and conven- 
tional metal refuses to do. Іп spite of this, some progress has of 
hte years been made in the theory of metallic conduction, and it is 
some of the results of this theory that I wish to bring before you this 
evening. АП the theories that I know of metallic conduction ascribe 
the passage of electricity through the metal to the movement of 
electrified particles. In the theory as originally developed by Riecke, 
and very shortly afterwards by Drude, it was supposed that particles, 
both positively and negatively electrificd particles, were present in 
the metal, and that these moved under the action of the electric force 
carrying a current along with them. In a form of the theory which 
I published some few years ago, I limited the movement of the 
particles to the case of negative particles. I supposed that the 
actual carriers of the electricity іп the metal were those small 
negatively electrified systems which we call corpuscles, and that the 
heavier positive particles took little or no part in the conduction 
of the electricity. This view has the advantage that the passage of 
electricity through a metal is not accompanied by any transport 
of the metal, a result which has often becn looked for, but never 
detected. In the usual form of the theory, which I shall show 
later on requires some modification, the structure of the metal is 
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somewhat as follows: By the action of one atom of the metal on 
another, corpuscles are split off from the atoms, and they remain 
diffused through the mass of metal; so that we may picture to 
ourselves a metal as somewhat like a porous body, the pores of 
which are occupied by a substance with the properties of a perfect 
gas. Іп the older theory it was supposed that these corpuscles 
remained free for a time sufficiently long to enable them to get in 
thermal equilibrium with the metal itself, so that, like all gases, the 
average kinetic energy of the corpuscle was a constant merely 
depending upon the temperature. 

With all gases the average kinetic energy is the same if the tempera- 
ture is the same. Ав these corpuscles are exceedingly small compared 
with the molecules of hydrogen, the mass of a corpuscle being only 
about both part of that of a molecule of hydrogen, it follows that if 
the kinetic energy of the corpuscle is to be the same as that of a 
molecule of hydrogen, the corpuscle must move with very much 
greater rapidity than the hydrogen molecule at the same temperature, 
in fact, that the square of the velocity of the corpuscle must be 3,400 
times the square of the velocity of the hydrogen molecule, with 
the result that the velocity of a corpuscle at o? C. would be about 
107 centimetres per second—roughly speaking, about sixty miles per 
second. "These rapidly moving corpuscles are supposed to be dis- 
seminated through the metal, and to be moving with this velocity in 
all directions. If there is no external force acting upon them, though 
there is this movement of electricity through the metal, yet there is no 
transport of electricity in one direction rather than in another. There 
are as many of these corpuscles moving in the one direction as in the 
opposite, so that there is no resultant flow of clectricity. But if we 
apply to these corpuscles an external electric force, then the corpuscles 
drift under the action of the force, drifting, since they are negatively 
electrified, in the opposite direction to the force, so that there is now 
a finite flow of these corpuscles through the metal, accompanied by the 
flow of the proportionate amount of electricity, and it is this flow 
which, on this theory, constitutes the electric current. We can on 
this view very easily find an expression for the conductivity of the 
metal in terms of the number of these corpuscles per cubic centimetre, 
and of their mean free path. Тіс average velocity which the electric 
force gives to these corpuscles is practically the velocity which it can 
give in the interval between one collision and the next. Тһе effect 
of the electric force is, as it were, annihilated when a collision occurs, 
and has to begin its work over again, so that if 2 is the interval be- 
tween two collisions, X the electric force, and e the charge on thc 


» 


Ж” ; . Хе . 
corpuscle, and in its mass the acceleration of course is n: If fis 


the time that elapscs between one collision and the next, the time the 
acceleration has to act is equal to /, so that the velocity at the end 


due to the force will be Хе, 
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One-half of this will be the average velocity, so that the average 
velocity which these corpuscles will acquire owing to the electric force 
X will be 4 Е t. Let us call this velocity v, the amount of electricity 


that will pass through unit area in unit time will be the number of 
corpuscles which pass through that area multiplied by e, that is, 


nve, or substituting for v, $ ae t. This is the current і, thus 
. 1Xne 
i=} 7 |, so that the specific conductivity, called c, will be given by 


nt 


the equation c=} z t. 


That will be the expression for the conductivity of the metal. 
Let us try to estimate this time, £: when we are dealing with electric 
forces of the order of those which occur in metallic conduction, it is 
very easily shown that the velocity that, in the interval between one 
collision and the next, will be imparted to a corpuscle, is extremely small 
compared to the velocity of sixty miles per second which the corpuscle 
possesses in virtue of its temperature. So that the speed, at which the 
corpuscle moves from one collision to the next, will practically be that 
velocity of sixty miles per second, and be independent of the forces 
acting upon it. If we, for the moment, call V, the velocity of the 
corpuscle (то? centimetres per second), and Х the length of the free 

À 


path, then / = V and the expression for the conductivity of the metal 


We want to get some check upon this result ; it does not mean 
much as it stands ; and I now proceed to consider the very remark- 
able result which Drude established for the connection between the 
electrical conductivity and the thermal conductivity of a metal. It is 
evident that И we have a metal filled with these corpuscles which аге 
in temperature equilibrium with the metal itself, then if different parts 
of the metal are at different temperatures, the temperature of the 
corpuscles will be different at different parts of the metal, so that the 
energy of these corpuscles will tend to flow from the hot parts to thc 
cold. There will be, therefore, in consequence of the freedom with 
which these corpuscles move, a conduction of heat arising from the 
corpuscles themselves. Now [её us suppose for a moment that all the 
heat that is conducted in a metal is conducted by means of these 
corpuscles, so that the conductivity of the metal will be the conductivity 
of this collection of corpuscles. The conductivity of a gas has been 
worked out on the kinetic theory of gases, and expressed in terms of 
the number of molecules of the gas per cubic centimetre, the mean 
free path and the average velocity. Тһе value of А, the thermal 
conductivity of the gas, is on the kinetic theory given by the equation 
= inAVa. 

The quantity а, which occurs in this expression, is defined in this 


458 THOMSON: THE MODERN THEORY OF  [Feb.2lst, 


way, a 0 is the kinetic energy of the molecule of any gas at the 
absolute temperature 0. From this definition of a, it can be shown 
that a is about r'5 x 10-65, If you look at the expression for k and 
the expression for c, and divide one by the other, you will notice 
that everything that is peculiar to the metal—that is, the number of 
corpuscles per cubic centimetre—and the free path of these corpuscles, 
goes out, and that 


Everything has gone out, therefore, which is peculiar to the metal. 
j m V? is the kinetic energy of the corpuscle which is supposed to be 
determined by the temperature ; that is to say, in whatever metal the 
corpuscle may exist, т V? == 2 a 0, so that the expression for kfc is equal to 

4 2*0 
30. 

Now this equation indicates that the ratio of the thermal to the 
electrical conductivity is the same for all metals. This result is not 
exactly true, but it is true to a very considerable degree of approxima- 
tion for a pure metal. But we can go further than this, We сап 
calculate what the ratio ought to be on this theory, and we can calculate 
it practically free from any hypothesis, and even free from any determi- 
nation of the value of e by anything except the ordinary methods of 
electrolysis. I will just indicate, because it is rather interesting, 
the way in which we can determine this constant ; that is, this value 

a* 0 
of —-. 

[^ 

The pressure of a gas on the kinetic theory is 


knmV,, 


п being the number of molecules per cubic centimetre, m the mass, 
and V the mean velocity of the molecules; or since $ т V? == аб, 


p= адм, 
and therefore 2 = 3 а6, 
ЖЕГЕ. 
em ne 3 е” 


Now neis the number of molecules of hydrogen in a cubic centimetre 
multiplied by the charge on an atom of hydrogen. Now we know that 
one unit of electricity decomposes about r2 cubic centimetres of 


hydrogen at normal pressure and temperature, and therefore 2'4 n c = 1; 
and since р = 106, we get 44 = 36 x 106. From this we find that £/c 


which is equal to ri is, at o? C., бі x 10" in absolute units. 


Now lately some extremely valuable experiments have been made 
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on the ratio of the thermal to the electrical conductivities of various 
metals by Jaeger and Diesselhorst, and the values that they found for 
various pure metals for this ratio were: For copper, 67 x 109; silver, 
68 x ro; and gold, 700 x 10°. Those are, you see, in very fair 
agreement with this value 6'1 x 10° which has been deduced from 
entirely different considerations. I ought to say that for other metals 
the agreement is not so exact. For aluminium it is 636 х 10'5; 
for iron it is 8°02 X 10” ; and when you get up to alloys like constantine 
you get up to rro x 10 But in the case of mixtures of metals, 
as Lord Rayleigh has shown, some considerations come in which 
produce effects like a resistance which are not included in this new 
theoretical view. It is, I think, a very remarkable confirmation, that 
this ratio, calculated in this independent way, comes so nearly to the 
number found actually by experiment. But there is another confirma. 


tion. You notice that : is proportional to the absolute temperature, so 


that the temperature coefficient of f ought to be just 44,5, ог 0°3665 


per cent. This point has also been investigated by Jaeger and Diessel- 
horst, and they find that the temperature coefficient of this ratio for 
copper is 0°39, for silver 0°37, and for gold 0°36. Тһе value indicated 
by this expression is 0:366, so that there again you get close approxima- 
tion between the results of experiment and the results of theory. 
Perhaps even more interesting is a very remarkable investigation 
that has been made by Lorentz, in which he connects the ordinary 
radiation from a metal, or any substance at any temperature, with the 
corpuscles which are supposed to carry the electric current. These 
corpuscles are, as I have said, diffused through the metal; they are 
moving about with great rapidity, and are continually knocking against 
the molecules, and when they come into collision, their velocities are 
suddenly changed. When we start or stop an electrified particle we 
give rise to an electro-magnetic disturbance. The collisions of the 
corpuscles start pulses of electro-magnetic forces flowing through the 
medium, and though these pulses are quite irregular, yet they can be 
represented by means of Fourier’s theorem as due to a collection of 
harmonic waves. Lorentz has attacked this kind of chaos of the forces 
produced by the collisions of these corpuscles inside the metal, and has 
tried to express them as a Fourier's series. Не has only been able to 
work with one end of the spectrum, the long waves—waves whose 
length is large compared to the mean free path of the corpuscles ; but he 
has found an expression for the amount of energy in the waves whose 
frequencies are between certain limits, provided these waves are long 
waves—long compared with the mean free path. The result that he 
finds is, that considering the energy in the waves whose frequency is 
between 4 and д + 49, the amount of this long-wave radiation given 
244 
mv 
the velocity of light. He found that this is the expression for the energy 


out by a slab of unit thickness would be г 4 тепло, where V is 
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in the waves whose frequency is between 4 and 9 + dq produced by 
the collision of these п corpuscles per cubic centimetre, having a free 
path А and an average velocity v. That is the amount given by a slab; 
it is not the amount radiated by the metal. "This radiation of course is 
absorbed as it passes through the metal, and the actual amount of 
radiation passing through the slab will be such that the amount of 
energy which is absorbed passing through the slab is equal to the 
amount radiated by the slab. Therefore we can easily find (I will 
not trouble you with the calculations) in terms of the resistance 
(the absorption here depends upon the resistance) the amount of 
energy that would have to pass through this slab and be absorbed, so 
that the absorption by the slab is equal to this radiation, and this 
with amount of energy is the energy passing through the slab. It 
comes out, then, that the amount of energy passing through each unit 
area of the slab in the radiation of whose wave-length is between 
pagar т. 
з P 

That is the expression which, as I say. Lorentz has found for this 
long wave-length radiation ; and you see again that everything peculiar 
to the metal has disappeared. The number of corpuscles and the free 
path of the corpuscle have gone out, and we get an expression which is 
the same for all these substances. It contains this quantity a 0 in addi- 
боп to the wave-length, and as we know аб, this expression can be 
easily calculated. 1t has been shown that, in order to agrec with 
thermo-dynamics, the function which represents the amount radiated 
between certain limits of wave-length must belong to a general class, 
and this does belong to that class; it does not violate the laws of 
thermo-dynamics. Lorentz has calculated in this way the amount of 
energy radiated according to this expression, and has compared it with 
the experiments made by Lummer, Rubens, and others on the amount 
they have found to be actually radiated by a metal, and the two are in 
very close agreement. The ratio is about 1:5 to 1:3 in the two cases, so 
that here again this theory is confirmed. А most interesting point 
about this radiation is that it is all, so to speak, Róntgen rays, and the 
thermal radiation of the metal is, according to this, just a case of 
Róntgen rays. 

But this is not all; there must be something else besides these 
long waves. If we analyse this disturbance produced by the collision 
of the corpuscles, there must be something else besides long waves. 
Lorentz has only calculated the energy in the particular case when the 
wave-length was very long compared to the mean free path. И you 
could express the effects of the collisions of the corpuscles completely, 
you would find you would have to include in the solution waves of very 
short wave-lengths. There must be another end to this radiation; the 
long wave part is only one end. Now, where is that other end? The 
metals, if this result is right, must give out, in addition to the thermal 
radiation, some other kind of radiation analogous in properties to 
ordinary Róntgen rays. There does scem some indication that metals 
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and other bodies give out radiation of that type. We find that cach 
metal produces a characteristic amount of ionisation when a gas is en- 
closed in a vessel made of that particular metal, and it may be that the 
radiation that shows itself in this way is the other end, so to speak, of 
the effect of these collisions, one end being the ordinary thermal radia- 
tion and the other end being probably, I think, the peculiar radiation 
that is emitted by metals. At any rate, there must be some radiation 
besides that calculated by Lorentz. 

I may say that this theory affords an easy explanation of the 
Pelier effect and the Thomson effect of the electro-motive forces 
along unequally heated metals. 

But I must pass оп. So far I have been considering phenomena 
which afford strong corroboration of this theory. I must now indicate 
one that I think requires us to modify the theory. It is of this character. 
І there are all these corpuscles in temperature equilibrium with the 
metal, then if we raise the temperature of the metal we have to raise 
the temperature of the corpuscles, so that a certain amount of energy 
will be required to raise the temperature of the corpuscles. That is, 
there must be certain specific heat corresponding to the corpuscles 
themselves as apart from that which raises the temperature of the 
atoms of the metal. The point I am going to try to bring before you is 


that, іп order to reconcile some experiments to which I shall allude with . 


the theory, it is necessary to suppose so many corpuscles in the metal, 
that the amount of heat required to raise these corpuscles through any 
range of temperature is far greater than the actual amount of heat that 
is required to raise both the metal and the corpuscles. This is founded 
upon some experiments that have been recently made by Rubens апа 
Hagen on the conductivity of metals under very rapidly alternating 
electric forces, those forces that occur, for example, in waves of light. 
They experimented with very long waves, chiefly two sets of waves, 
one whose length was 25 р, and the other sct having a length of 4 y, 
p being roso mm. They found that the conductivity for the metal 
for the light waves, if you can call them light waves, whose length is 
25 р, was, within their limits of experiment, exactly the same as for а 
steady current, and that for the waves whose wave-length was 4 р it 
only differed by about 20 per cent. Now, if you look back at the way in 
which we calculated the conductivity, you will see that the expression 
we obtained is only true when the electric force acts in one direction for 
a time that is long compared with the interval between two collisions. 
lf the electric force is going backwards and forwards, alternating 
many times between one collision and the next, then the actual velocity 
communicated to the corpuscle is very much smaller and the conduc- 
tivity is very much less. There is no difficulty in calculating the effect 
of this rapid reversal of the forces on the conductivity. I find that 
if the forces are reversed so quickly, that /, the interval between one 
colision and the next were as much as one-quarter of the time of 
vibration of the light, the effective conductivity would be reduced to 
one-half. Rubems has shown that the conductivity under waves whose 
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wave-length is*4 р is only about 20 per cent. less than the normal 
conductivity, and therefore the interval between two collisions cannot 
be as great as the time of vibration of light whose wave-length is 
фо др, і.е. р. Since д is 107* cm., the time, £, that elapses between 
one collision and the next must be less than 1074/3 X 10% or 
33 X 1075 sec., which is a very small time. Now, we see from the 


expression С = } с, that if you are going to reduce the time and yet 


get definite conductivity, you must increase the number of the cor- 
puscles per unit volume. If you have a very short time, you must make 
up for it by a very large number of corpuscles, Take the case of silver 
and work out the number of corpuscles per cubic centimetre that would 
be required to give the observed conductivity. With silver the number 
is '8 х 10“ per cubic centimetre. 

We require that number of corpuscles per cubic centimetre to give, 
in the time deduced from the experiments of Rubens and Hagen, the 
proper electrical conductivity of silver. Now, you have that number, 
each possessing at the absolute temperature 0 an amount of kinctic 
energy a 6, and therefore to raise the temperature one degree you 
would have to give to each one of these an amount of energy а, ог 
to the whole lot an amount of energy represented by a x r'8 x 10%. 
a is about 1:5 X 10-'6, so that this energy is 1'8 x r:5 x ro? ergs, that is, 
somewhere about 7 calories, is required to raise I cubic cm. of silver 
ІЗ C. if you leave the atoms of silver alone and merely attend to the 
corpuscles. Тһе actual amount required to raise the temperature of 
the silver is only about 0*6 calories, so that there is a serious discrepancy 
between the results of the theory in this form and the results of experi- 
ments on specific heat. I do not see how to reconcile the two. If you 
want to get the observed conductivity you must have a large number of 
corpuscles if you take Rubens's and Hagen's experiments as giving a 
limit to the time that elapses between two collisions, and if you get 
this number of corpuscles you get too big a specific heat. I think that 
is a difficulty with regard to this theory in the form in which it is usually 
given. Ithink the difficulty arises from supposing that the corpuscles 
exist so long in a free state in the metal that they have time to gct 
into temperature equilibrium with the metal. I think the actual 
state of things is somewhat different—that the corpuscle, instead of 
wandering about, when it once gets dragged out of one atom by 
the action of a neighbouring one, jumps practically straight from 
one into the other. ‘There is no doubt that it must be due to the action 
between the atoms of a metal that these corpuscles are produced, 
because if you take, for example, mercury in a state of vapour, the 
number of corpuscles per molecule of mercury in the state of vapour is 
infinitesimal compared with the number that would have to exist to 
explain the conductivity of mercury in its liquid condition. It is the 
effect of one atom on another that gives rise to these corpuscles. 

The modification which I think is required in this theory is to 
suppose that the electric force, instead of acting on the corpuscles 
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after they have left their atoms, really acts upon the atoms before 
the corpuscles leave them. Imagine the atoms acting on each other, 
like a system of electric doublets, and the corpuscle flows from the 
negative end of one doublet into the positive end of the other. 

If you have all the doublets arranged higgledy-piggledy in the metal, 
then there will be as many corpuscles going one way as there are going 
the other ; there will be no transport through the metal. But supposing 
the action of the electric force is to polarise these doublets before 
they discharge, so as to drag them into line, like a Grotthus chain, 
on the old theory of electrolysis. Supposing, for example, you drew 
them all into line with the negative ends pointing in one way and the 
positive in another, you would get a transport. When the corpuscles 
jump they will jump the same way, and you would get a definite 
transport of electricity through the metal. I think the modification 
that is required is to suppose that, when the electric force acts upon 
the metal, what it does is to arrange to a certain extent these atoms or 
doublets which are acting upon each other into a line, so that when 
they discharge the corpuscles from one to another, these corpuscles go 
in a definite direction. I have worked out the result; taking this theory 
instead of the one that I have brought before you ; but as it is getting 
so late I will only bring before you the general result. I will mention, 
however, the hypothesis I made. I assumed that these doublets would 
range themselves like doublets in a gas. We know, from the law of 
the kinetic theory of gases, how many of these doublets would be 
pointing in any direction under the action of an external field. 
We know the law of distribution, for systems having given amounts 
of potential energy in a gas. If d is the leng*h of the doublet and 


e the charge, the moment of this doublet is dd and if it makes an 


angle with the direction of the electric force X, then the potential 
energy is Хед соѕ Ө, and applying the law of distribution we can 
very easily find the average value of cos 0—that is, the excess which 
points in one direction rather than in the opposite. Assuming that the 
same law holds for the metal as holds for the gas, then I found that 
the electrical conductivity, which I call c, is— 


a poden 
Ы a 0 


f is the number of times that each one of these doublets discharges 
per second; d is the distance between the positive and the negative 
component ; b is the distance between the centres of adjacent doublets ; 
е is the charge ; п is the number of these doublets per unit volume, 
and a, 0 are the same as before. Then with regard to the thermal 
conductivity, I assumed that the corpuscle, when it starts from a hot 
part of the metal, has more kinetic energy than when it starts from 
a cold, so that the shooting out of the corpuscles from the hot to 
the cold doublets carries the heat with it, and we gct thermal con- 
ductivity in that way. If we do that, assuming that the corpuscle 
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in a doublet at the temperature 0 has got an amount of kinetic energy 
equal to а we have k = } pb па; k being the thermal conductivity. 


If we take the ratio of the one to the other t= t и оп the 
А ез 
other th LAM PLC 
лег theory les 
The ratio of the two ratios on the two theories is thus 2 of A where 


d 
‚5 15 the distance between the centres and d is the length of one of these 


doublets ; so that if the doublets are very closely packed, : will not be 


a large quantity. : will be very nearly equal to unity, and the factor is 


only $. So that there will only be a difference of about 12 per cent. in 
the value of the ratio of the thermal to the electrical conductivity on the 
two theories, and it cannot be said that the agreement between theory 
and experiment in either case is sufficiently close to say that one theory 
is a closer approximation to the facts than the other. I have worked out 
the radiation in the same way, and again it is just the same as before, 
with the exception that the factor 2 comes in, and again I do not think 
the difference is great enough to be determined by anv existing experi- 
ments. This view is not open to the difficulty about requiring a large 
specific heat, because, during the time when the things are free, 
they just jump from one to the other and do not get into thermal 
equilibrium, It is never necessary to consider the amount of energy 
required to raise the temperature of a very large collection of them. 

In conclusion, there is just one point I would like to illustrate by 
means of this theory. The Hall effect is always a considcrable difficulty 
with regard to the conduction of electricity through metals. In the 
first form of theory I gave we do get a Hall effect, but it is always 
in one direction. The electrified negative particles, as they are placed 
in a magnetic field, are acted upon by a force at right angles to the 
direction in which they are moving. They are pushed, if they arc 
moving horizontally, up or down by the magnetic field at right angles to 
the current, and it is that transverse current at right angles to the 
initial current which corresponds tothe Hall effect. I say there issome 
little difficulty that, with this theory, the Hall effect would always tend to 
be in one direction. The Hall, however, is a very complex phenomenon, 
because it changes sign not only in different metals, but in the same 
metals occasionallv, if the magnitude of the magnetic forces is altered. 
'Thereare certain metals in which the еЙес has one for some force and 
the opposite sinc for other forces, so that the Hall effect is not a very 
simple phenomenon. It may be asked, How can the magnetic ficld 
possibly produce any such effect as this on the view I have just been 
giving, if it only acts upon the molecules before the interchange of 
corpuscles takes place and not after? I think it is rather an interesting 
point to see how it would. 
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Suppose that we have a doublet with negative and positive ends, then 
if it is pulled round by an electric force the ends start moving, one 
in one direction and the other in the opposite, and if there is a mag- 
netic force acting upon the thing at right angles to the plane of motion, 
then there will be forces acting upon these two ends. If the ends move 
with equal and opposite velocities, the forces on the two ends are equal ; 
but if the velocities are different, then the forces on the ends are 
different and there is a couple produced—in fact, the doublet when 
placed іп a magnetic field behaves exactly like a gyroscope. Suppose 
we have a pendulum меһ a gyroscope bob instead of the ordinary 
bob ; suppose it were held away from the vertical, corresponding to 
one of our doublets before an electric force acts; supposing, now, it 
is let fall; gravity, instead of pulling it straight down to the vertical, 
will make it swing round like a gyroscopic pendulum one way or the 
other, according to the direction of the spin in the top in the bob, So 
that if this gyroscope property were attached to a doublet, then when 
there is an attempt to pull it along the lines of electric force it will 
come out a little at right angles, and there will be a current either that 
way or the other way according to the sign corresponding to the spin 
of the top of the ругозсоре. So that, in addition to the movement 
along the direction of the line of force, the doublets would tilt up a 
little bit at right angles to it; there would be a polarisation in the 
direction of right angles to it, and that polarisation would produce 
a current in that direction, so that unless the negative and positive 
ends move with equal and opposite velocities—that is, unless the 
centre of gravity of the doublet is exactly midway between the negative 
and positive charge—then these doublets when they are placed in a 
magnetic field will be acting like gyroscopes, and if it is attempted to 
pull them by a force in one direction they tend to squirm off in a direc- 
tion at right angles to it, and that, I think, accounts for the Hall effect 
in metals. 


DISCUSSION. 


Lord RAYLEIGH, F.R.S. : Gentlemen, I think the Institution is very 
fortunate in hearing from the most qualified man in the country, 
perhaps in the world, his exposition of these matters. Certainly, if 
one could ever understand a difficult subject expounded in an hour's 
time, to-night was the opportunity, for Professor Thomson has stated 
his case with extraordinary lucidity. I was especially interested 
myself in a formula which represented the results of Lorentz's 
researches deducing the law of radiation for great wave-lengths 
from the phenomenon of the collision of corpuscles within the pores 
of a metal. It so happens that, some years ago, I put forward practi- 
cally the same formula, but deduced only from very general considera- 
tions, and without any particular idea as to the precise machinery by 
which the result might be reached. Professor Thomson has explained 
to us the theories which originated mainly, I think, with Drude and 
Lorentz, and to a great extent explain many very remarkable facts, 
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leading to remarkable numerical coincidences, and he has also 
pointed out to us some difficulties which arise when the application is 
pursued further. In the latter part of his lecture he has indicated to us 
the results of researches of his own, which give quite a new complexion 
to the matter, and point out a way in which these difficulties пау be 
overcome. It is to be hoped that the theory will work out in all the 
details as well as it has done in the matters which Professor Thomson 
has laid before us. 

The PREsIDENT: Professor Thomson has kindly intimated to me 
that he is ready to answer questions put to him or take part in any 
discussion. I will therefore call on Professor Silvanus Thompson to 
speak. 

Professor SILVANUS P. THOMPSON: You have asked me, sir, to put 
questions to the one man in the universe who understands best this 
matter ; and I am uncommonly glad of the opportunity, because, as a 
matter of fact, I have found it one of the difficulties of the study of this 
branch of the subject that the different authorities who write and talk 
about it do not always speak in the same language. We have heard a 
good deal to-night about corpuscles ; I do not think we have heard one 
thing about electrons. I want to know whether in the lecturer's usage 
those two words mean the same thing ; or, if I may put it in another 
way, do weunderstand, by that which we have been hearing of to-night 
under the name of “corpuscle,” a minute portion of matter much 
smaller than an atom and electrified ? Or, is there no matter at all in 
it? Is it simply a little bit of electricity? Isit a disembodied bit of 
electricity which acts as a corpuscle, or is it an electrified bit of 
matter? We desire something definite about the terms which are 
used, and prccisely what they connote. Then, to come to the im- 
mediate subject of {һе intensely interesting new theory, which was 
given to us all too briefly at the end of the lecture, I wish to put this 
question. If I caught the words rightly, it was put to us that the 
corpuscle is dragged out of the atom by the action of a neighbouring 
atom, and jumps straight from one to the other. Сап Professor 
Thomson give us any idea of what is the origin or cause of such an 
effect? What is there in one atom which should act on the corpuscles 
of another atom and make them jump from one to the other? It is a 
new point to me in physics, and I think it deserves a little further 
explanation, especially if it will make the difference between the old 
theory and the new theory more clear. I have put my questions, sir, 
at your suggestion ; but I cannot sit down without joining my thanks 
to those of Lord Rayleigh, and I have no doubt of the whole Institu- 
tion, to Professor Thomson for his extremely important exposition of 
these highly recondite matters. 

Sir WILLIAM H. PREECE, K.C.B.: I am delighted at the opportunity 
of proposing a vote of thanks to Professor Thomson. We are old 
friends, and I have learned very much from him. We have had a 
unique lecture to-night. I cannot recall, in the history of the Institution 
of Electrical Engineers, a learned professor, the head of his profession 
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now, coming herc and giving us a discourse like that which we have 
enjoyed. We have not only enjoyed it to-night, but there is not a man 
in this room who has not had something impressed on his brain which 
has set it in a state of energy, which will lead to thought and to study. 
It is a gratification to us English engineers to know that the great steps 
in advance—for they must be steps in advance—in the theory and 
practical knowledge of electricity come from Cambridge. Professor 
J. J. Thomson is carrying on the great work commenced by Lord Ray- 
leigh at the Cavendish Laboratory, and it will be continued, I am sure, 
until the questions will be answered whether electricity is a form of 
energy, a form of matter, or something sui generis. Gentlemen, with 
very great pleasure I propose that a hearty vote of thanks be given 
to Professor Thomson for the delightful address he has given to us 
to-night. 

The PRESIDENT: Gentlemen, you have already shown by your 
applause that you accept unanimously this vote of thanks to Professor 
Thomson, which I now convey to him in your name. 

Professor J. J. THOMSON, in reply: Perhaps I can best show my 
appreciation by trying to answer the questions which Professor Silvanus 
Thompson addressed to me. І think his first question was a question 
rather of notation, as to the difference between the electron and the 
corpuscle. I prefer the corpuscle for two reasons : first of all, it is my 
own child, and I have a kind of parental affection for it ; and, secondly, 
I think it has one merit which the term electron has not. We talk 
about positive and negative’electrons, and I think when you use the 
same term for the two the suggestion is that there is an equality, so to 
speak, in the properties. From my point of view the difference be- 
tween the negative and the positive is essential, and much greater than 
I think would be suggested by the term positive electron and negative 
electron. Therefore I prefer to use a special term for the negative 
unit and call it a corpuscle. A corpuscle is just a negative electron. 

Professor SILVANUS THOMPSON: What do you call a positive 
electron ? 

Professor J.J. THOMSON : I think I should call it a positive electron. 
I like the term electron well enough if it is not liable to run the positive 
and negative into an equality. Then Professor Silvanus Thompson 
went into some questions which, if I could answer, I should be very 
near solving the problem of the universe—the relation between 
electricity and matter, and whether a corpuscle was a bit of electricity 
ога bit of matter with a charge on it. I do not know what electricity 
13, and I do not know what matter 13. I have tried to state what I 
regard as energy. Taking the corpuscle, I think that all the energy 
possessed bv a corpuscle is due to the magnetic field that it 
produces when in motion, or kinetic energy. I think I should 
like to ask those people who talk about electricity and matter to 
ту to think for themselves what they mean by matter and what 
they mean by electricity. If they do so, they will not find it 
$0 easy to define the terms they mean. Then with regard to the 
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Profesor question of the action of one atom upon another, I myself regard an 
Thomson. atom as a collection of positive and negative electricity, not exactly 
neutral, but somewhat analogous to a magnet with positive and negative 
poles. I do not see any difficulty at all in supposing that, when two 
such systems come near each other, they exert forces upon each other. 
Two magnets will certainly exert forces upon each other, and І do not 
see why positive and negative electricity should not have corresponding 
forces. 
In conclusion, I have only to thank you for your kind vote of thanks. 
I owe to your President a debt of gratitude for the great assistance he 
gave me during the time that he was connected with the Cavendish 
` Laboratory; and I felt that in acceding to his request to lecture here 
I was able in some measurc to repay that great debt of gratitude. 
The meeting adjourned at 9.30 p.m. 
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Proceedings of the Four Hundred and Fiftv-Third 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 7, 1907—Dr. R. T. GLazeBrook, F.R.S., 
President, in the chair. 


The minutes of the Ordinary General Meeting held on February 21, 
1907, were taken as read and confirmed. 


The list of candidates for election into the Institution was taken 
as read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was published as having been 
approved by the Council :— 


TRANSFERS. 
Fro:n the class of Associates to that of Members :— 
Percy B. Crowe. | Chas. W. С. Little. 


From the class of Associates to that of Associate Members :— 


Reginald Norman Torpy. 


From the class of Students to that of Associate Members :— 
Gilbert Moss. 


Donations to the Library were announced as having been received 
since the last meeting from C. G. Allingham, A. C. Cormack, Messrs. 
Gauthier-Villars, E. G. Hillier, The University of Manchester ; to the 
Building Fund from R. H. Burnham, W. W. Cook, J. F. Henderson, 
W. С. Shee, J. C. Smail, J. M. Smyth ; and to the Benevolent Fund from 
С. J. Gibbs, С. J. Wawn, to whom the thanks of the meeting were duly 
accorded. 

Vor. 88. 81 


470 VOTE OF CONDOLENCE. [ Mar. 7th, 


The PRESIDENT: АП members of the Institution will have read, 

I am sure, with the deepest grief and sorrow of the death of M. Henri 
Moissan. Though he was not actually a member of our Institution, 
. his work for electrical science has been so great and of such vast 
importance that you will, I trust, think the Council are doing right in 
sending to his representatives a statement of their sense of the loss 
electrical science has sustained by his death, and that I am right in 


bringing this matter to your notice and asking for your approval of 
the action. 


The following paper was read and discussed, and the meeting 
adjourned at 9.40 p.m. :— 
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THE TRANSMISSION OF ELECTRICAL ENERGY 
BY DIRECT CURRENT ON THE SERIES 
SYSTEM. 


Ву |. S. HIGHFIELD, Member of Council. 
(Paper read March 7, 1907.) 


It is long since series systems of transmission were used for arc 
lighting with direct and rectified currents of constant value, and small 
power transmissions have been put down consisting of two series 
machines, the one running as generator and the other as motor, but 
with the exception of a number of installations erected in Switzerland 
and elsewhere on the Continent, most of them of comparatively small 
size, the parallel alternate-current system has been used for all trans- 
mission work. 

The ease with which the pressure of an alternate current can be 
altered, and the simplicity of the apparatus required for the purpose, 
the solidity of the generator construction, and the convenience of 
parallel working, will probably cause this system to hold its present 
field. When, however, very long transmission systems are necessary, 
involving the use of very high pressures, many difficulties, chiefly due 
to impedance and capacity of the line, are encountered. These diffi- 
cullies have been recognised and pointed out by various authorities, 
but by the exercise of great skill they have been largely overcome. 
They can, however, be eliminated only by the use of direct current, 
and in view of the increasing lengths of transmission lines and of the 
amount of power transmitted it may be useful to examine what has 
been done in this direction to appreciate its advantages, to realise its 
limitations, and particularly to compare the relative value of alternate 
and direct currents for long-distance power transmissions. 

I have for a long time been impressed with the advantages of direct 
current for long-distance transmissions, but during the last two years 
the problem was directly forced on my attention owing to the fact that 
the company to which I am engineer has obtained certain powers of 
supply in a very large area, aggregating 300 square miles, with a 
circumference of, roughly, 80 miles, which it is desirable to supply 
through underground mains from a station situated on the circum- 
ference. In this case it at once became apparent that the cost of the 
cable system was the dominating factor in the problem, and therefore 
I found it necessary carefully to consider any system which offered a 
saving in this respect. Consequently I have very closely investigated 
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the possibilities of the direct-current series system for supplying such an 
arca. In studying the system for this special case it was necessary to 
extend the investigations into its possibilities in other fields, and it is 
owing to these circumstances that this paper comes to be written. 

It is impossible to go further without making reference to M. Thury, 
who has for years steadily worked out the details essential to the direct- 
current series system, and has since 1889, when he put down his 
first system, designed and carried out schemes of gradually increasing 
size and importance, culminating with the Moutier-Lyon system, which 
was put to work last year. He has continually increased the working 
pressures and simplified the apparatus, till for careful attention to 
detail and general excellence of design it compares favourably with 
alternate-current apparatus, on which so many minds have for years 
been at work. 


Fic. 1.—E.M.F. Wave Form of Alternator used in the “ Comparative " 
Experiments. 


CONSIDERATIONS AFFECTING WORKING PRESSURE. 


In considering the relative advantages of alternate and direct 
currents for long-distance work, the first important matter to consider 
is which of the two systems offers the greater possibility for the use of 
high pressures. It is quite easy to produce alternate currents at 
exceedingly high pressures by means of static transformers. In order 
to obtain tlie same result from direct current it is necessary to put the 
generators in series. In this way there are no insurmountable difficul- 
ties in obtaining any direct-current pressure at which the line could be 
made to work. 

Until recently but little was known of the effect of direct current at 
very high pressures on insulating materials, and since there was much 
information with regard to the effects of alternate current, it became 
important to establish their relative breaking-down effects. То this 
end M. Thury built five machines, three giving 20,000 volts direct 
current each, the other two 25,000 volts each. Тһе machines were 
built with fixed commutators and armatures and revolving brushes 
and fields, and, although the volts between the sections of the commu- 
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tator were about 500, the machines worked most successfully. The 
curent was about r ampere. In order to compare the difference 
between alternate and direct currents a 75-k.w., 50-007 machine was 
used. Fig. 1 shows the E.M.F. wave-form. It will be noted that the 
curve is rather flat as compared with that given by most machines, and 
this, together with the fact that the number of commutator segments in 
the direct-current machines was comparatively small, giving a slight 
waviness to the direct current, caused the results somewhat to favour 
the alternate current. 

It is not necessary to give the results of these tests in detail, but 
shortly it may be said that experiments were made by applying pres- 
sure to many types of porcelain insulators and to sheets and blocks of 
common insulating materials. | 

The first noticeable difference is that insulators which heat up оп 
the application of alternate current do not heat with the application of 
direct current. Further, no crackling or brush discharge takes place 
in the neighbourhood of breakdown in the case of direct current ; 
60,000 volts direct current will not break down ordinary telegraph 
insulators provided they are well vitrified and generally of good 
quality. 

Tests were made on sheets of presspahn ; the samples used were 
5 mm. thick, and the tables hereunder show the sort of results obtained. 
These may be taken astypical of tests made on various other insulators. 

I. Sheet of presspahn, 5 mm. thick, alternate current :— 


| Test. Length of Pressure Pressure. | Observations. 


pplication. R.M.S. 
i | Ij minutes ... 5% 9,СОО volts — 
3oseconds ... ... | 11,000 volts | Punctured. 
P | 2 minutes ... T 9,000 volts | Strong discharge. 
15 seconds later .. 9,000 volts Punctured. 


2. A similar sheet of presspahn, tested with direct current :— 


| Length of Pressure | 


pplication. Pressure. Observations. 
2 minutes 10,000 volts — 
2 minutes | 15,000 volts D 
2 minutes 18,000 volts — 
2 minutes 20,000 volts — 
| 4 minutes 25,000 volts Punctured. 


The above samples, after being twice punctured with alternate 
current with an average of 2 minutes duration of pressure at 
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10,000 volts, stood a pressure of about 15,000 volts direct current, and 
broke down only after a further application of 25,000 volts direct 
current for 4 minutes. 

3. Slabs of marble 20 mm. thick were tested ; these punctured after 
75 seconds' exposure to alternate current at 20,000 volts, or after 
2 minutes' exposure to alternate current at 15,000 volts. 

Direct current was applied for 15 minutes, starting at 10,000 volts 
and increasing gradually by increments of 5,000 volts at 2-minute 
intervals to 45,000 volts, when puncture took place. 

Further tests were made to ascertain the relative sparking distances 
of alternate and direct currents, and the results of some of the tests 
are set out in the form of curves in Figs.2 and 3. It will be noted 
from these that the sparking distance with the same pressure is about 
twice as great with alternate current as with direct current. Asa 
result of many tests made it may be taken that a direct-current pressure 
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Fic. 2.—Curve of Sparking Distances (Alternating Current, 50 AO). 


a. Sphere to Sphere. b. Plate to Sphere. c. Plate to Point. 


at least twice as great as an alternate-current pressure may be used on 
the same insulators and the same cable. 

The photograph, Fig. 4, shows one of the poles used on the 
Lausanne line, which carries 4,476 Н.Р. 35 miles. It is not imposing, 
but appears to be quite adequate, and by comparison makes much 
work at home appear unduly expensive. The insulators are quite 
small, but many careful measurements with 20,000 volts between the 
line and earth show that on a very damp and foggy day the total loss 
over 3,000 insulators, together with lightning arresters, amounts only 
to 866 watts. 

It is a simple matter to work a direct-current system on the equiva- 
lent of a 3-wire system—that is to say, the middle point of the system 
is connected to earth so that one line is worked at a pressure above 
earth and the other line at a pressure below earth. In this way, there- 
fore, and using the same insulation, the effective direct-current pressure 
can be doubled. 
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It has been found practicable to work overhead lines with alternate 
current at 60,000 volts across the wires of a 3-phase system, say, 40,000 
volts above earth. It would therefore be equally possible to work 
with direct current at 80,000 volts above earth, or at 160,000 volts 
between wires. 

With the exception of a short length on one system all the Thury 
lines have been worked with overhead wires, but on systems wherc it 
is essential to carry the mains underground the advantage of the series 
system over an alternate-current system is much enhanced. 

There is no special difficulty in making a single-core cable to work 
with direct current at 60,000 volts pressure to earth ; therefore, with 
two such cables an effective pressure of 120,000 volts can be obtained. 
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Fic. 3.—Curve of Sparking Distances (Direct Current). 


A. Sphere to Sphere. В. Point — to Plate +. С. Plate + Sphere — and Plate — Sphere +. 
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This cable can be more easily built than a 3-core cable to work with 
20,000 volts between conductors, 

Compared with a 3-phase line it may shortly be said that, apart 
altogether from the lesser difficulties of insulation, the overhead line 
carries two conductors instead of three, and the underground system 
consists of one twin or two single-core cables against one three-cored 
cable ; in addition, and chiefly, all capacity and self-induction difficul- 
ties are avoided, however long be the line ; in fact, so far as electrical 
difficulties count, the line may be of any length. 

The actual pressures hitherto used are shown in Table I. (p. 489), 
which sets out the important features of schemes that have been іп 
operation for several years. It will be noted that the highest pressure 
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actually in use to-day is 58,000 volts on a 3-wire system, that is, 29,000 
vclts above and below earth ; the line was tested with a pressure of 
100,000 volts above earth. 


SERIES AND PARALLEL SYSTEMS. 


In all his systems M. Thury uses a constant current, as this greatly 
simplifies the design of the generators, motors, and regulating appa- 
ratus ; and, as will be shown, the line losses due to this constant current 
have a very small money value. In most of these systems the main 
transmission line is taken into manufacturers' and other private pre- 
mises in order to work motors for their use. Іп such cases it is 
generally necessary to keep the line current constant throughout the 
twenty-four hours, as, of course, any reduction in the line current 
would reduce the possible output from each machine, although the 
speed would not be varied. When, however, the system consists of 
generating stations transmitting to sub-stations where the whole of the 
series line and plant is under one control, and where all the consumers’ 
supply is given on the secondary side, then it is not necessary to main- 
tain the current constant throughout the twenty-four hours, but the 
current during light-load times may be reduced by about 30 per cent., 
thus considerably improving the efficiency of the line. The generators 
and motors are connected in series along the transmission line, the 
generators not necessarily being in one station, but in two or more 
stations. 

It is so usual now to think of parallel working that it may be uscful 
at this stage to point out shortlv the differences between it and series 
working. These are of two classes, namely, the differences which 
affect the working and those which affect the initial design of the 
system. 

Dealing with the working differences first: Fig. 5 shows dia- 
grammatically a series system consisting of three generators and several 
motors, and Fig. 6 a single-series generator and motor, switches, and 
all instruments. The generators and motors are switched in series by 
means of a 4-way switch shown diagrammatically. When no plant is 
running each machine is short-circuited, and the line is connected in a 
single loop. To switch in a generator the machine is run up until it 
gives the proper line current. The switch is then opened, leaving the 
generator connected in series with the line, through which a constant 
current then flows. 

To connect in a motor the switch is opened so as to allow a con- 
stant current to flow through the motor, and the brushes— which have 
been in the non-working position—are then rocked back so as to cause 
the motor to start; it is run up to speed by continuing to rock the 
brushes. When at full speed the automatic regulator gcar takes charge, 
and by varying the brush position maintains the speed constant. Other 
motors and generators are run up in the same way as the load increases. 
To shut down a motor the brushes are slowly brought round to the 
non-working position so that the machine stops, and its short-circuiting 
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switch is then closed. Тһе generators are shut down іп the same way. 
Ás the load increases the total resistance in circuit, and, of course, the 
counter E.M.F. of the motors, steadily increase, so as to call for a 
greater pressure at the power station. 

The effect of a short-circuit is to remove the load, and, provided 
the short-circuit is not put on too suddenly, the regulator gear can 
reduce the voltage so as to maintain the line current at its proper con- 
stant value. To provide for sudden short-circuits the generators are 
coupled to the prime movers through a friction coupling, which slips 
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Fic. 5.—Diagram of Connections, showing all Switches and Instruments 
for One Motor and One Generator. 
Fic. 6.—Diagram of Series Direct-Current System. 


when the torque exceeds the full load torque by 20 per cent. This 
slipping allows sufficient time for the automatic gear to work, so that no 
damage is done to the plant. One important advantage of the зепез 
system is that failure of a prime mover resulting in the shutting down 
of a generator does not interfere with the supply, and no automatic 
gear is required to provide for such a contingency, as the current 
continues to flow through the shut-down machine. 

Consider now the second class of differences which affect the 
design of the system. The simplest systems to lay out are those 
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where an ascertained load—not subject to increase—is to be supplied. 
In such a case the problem is equally easy with the series system as 
with the parallel svstem. Account must be taken of the amount of the 
load and its distance from the power station, the working pressure, the 
size of units, and the current density in the conductors. 

So far as both systems are concerned, the considerations which 
decide the pressure of supply are the same, but in the case of the 
direct-current series linc, owing to the fact that the cost of insulation 
is considerably less, under the same conditions it will usually be found 
cheaper to work at a considerably higher pressure. 

With regard to the size of the unit, in the parallel system there is 
no difficulty whatever : the number of units can be readily decided on 
so as to allow a proper margin of spare plant, and the total number of 
machines is at once fixed without any other consideration. In the 
series system, however, the limiting of the pressure per machine is an 
additional and important factor. 

Series machines giving from 2,000 to 3,000 volts on onc commutator, 
according to the size of the machine, have bcen working successfully 
for years, and for large machines it would Бе possible to go up to about 
6,000 volts on опе commutator. Тһе size of a single unit is, therefore, 
restricted both by the permissible pressure per machine and by the 
value chosen for the line current. In many cases two machines 
may be coupled to one prime mover, thus doubling the size of 
the unit. 

As has been shown, 100,000 volts is a perfectly possible working 
pressure ; therefore 500 ampcres in the line will transmit 50,0co kilo- 
watts. At this current each machine could be built to give 5,000 volts, 
and by driving the generators in pairs the size of each steam unit would 
be 5,000 kilowatts, and ro units would be required. If it be desired for 
any reason to work with a smaller number of generators this can be 
done only by reducing the line pressure and increasing the current. 
When, however, the usual class of scheme is considered, namelv, one 
where the business starts on a small scale and slowly increases to a 
large scale, more particularly in a scheme where it is difficult to pre- 
dict what will be the ultimate extent of the demand, then between 
the series and parallel systems there are important differences to 
consider. 

In the parallel system, provided the area be restricted, the pressure 
is decided according to the distance to which energy is to be trans- 
mitted. Тһе rate of transmission is not important, the undertaking 
starting with small units, units of increased size being added as re- 
quired. The distance, however, to which energy can be carried is at 
once limited by the pressure adopted. 

With the series system, on the other hand, if at the start the load be 
relatively small, and only a small line current be therefore required, 
difficulties arise. Since the line current practically determines the 
maximum size of the unit to be adopted, it follows that the size of 
the unit is settled for all time unless the line current bc increased, 
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and increasing the line current involves the changing of the whole of 
the machines. Ц is, therefore, usually necessary to adopt a larger 
line current than is immediately required, resulting in larger percentage 
line losses in the first years of the undertaking. 

This difficulty may be got over by using two machines to form each 
main and sub-station unit. In the early stages each pair of machines 
is coupled in series, thus working with half the ultimate line 
current with one line. Subsequently, as the load increases a second 
line is erected to work in parallel with the first; at the same time the 
two machines forming each unit are coupled in parallel, thus doubling 
the current and the capacity of the system. This method involves 
some extra cost in the first years of the business, due to using double 
motors for driving each sub-generator, which motors are used first in 
series апа subsequently in parallel. It would, of course, be used only 
with long and expensive lines. It is used on the Moutier-Lyon line, 
the current in the first years being fixed at 75 amperes, subsequently 
to be increased to 150 amperes. 

The current density in the conductors must be decided according 
to the energy and volt losses that may be permitted. In the parallel 
system they should not be too high, otherwise the full load losses are 
great, resulting in bad regulation ; also it must be remembered that 
the energy losses at maximum load have a great money value, and 
to ascertain their true importance it is necessary to determine exactly 
what this may be. 

In systems supplying from water-power stations or from economical 
steam stations the apparent lower energy efficiency in the line is not 
of any importance ; where the cost of energy is high, however, it may 
become important. In the latter case it will usually be necessary to 
work at a lower current density with the series system than with the 
parallel system. 

The percentage loss due to the direct constant current, in many 
cases, appears to be large, but it must be remembered in all such 
cases that the important matter is the percentage moncy loss. It 
is like many other problems in engineering, which when considered 
purely from a scientific point of view appear to be of importance, but 
are not so when considered commercially. 

In Fig. 7 are set out in the form of curves the line losses at various 
values of the line current and at various loads and load factors, in all 
cases the current density being fixed at 500 amperes per square inch 
and the line pressure at 100,000 volts. From the curves it will be seen 
that for a system designed for any maximum output at 100,000 volts 
and 500 amperes density per square inch when fully loaded the line 
loss will be 0°44 per cent. per to-mile run at roo per cent. load factor 
and 1°76 per cent. at 25 per cent. load factor, or if the maximum at 
first amounts only to 25 per cent. of the maximum load for which the 
system was designed at 100 per cent. load factor, the energy loss is 
176 per cent. and at 25 per cent. load factor 7:04 per cent. The curves 
are useful in determining the proper line current to use for any fixed 
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or increasing load at varying load factors. If the pressure be reduced 
to, say, one-half, the distance for which the figures are given must, 
of course, be similarly reduced. 

In the above curves no account has been taken of the fact that the 
line current may at times of light load be reduced by some 30 рег 
cent. ; if this were done, of course the line efficiencies would be 
increased. 

In short, each system must be decided on by taking into account 
the many variables in the problem, but it is hoped that these few notes 
will show what care is necessary in deciding on the proper line current; 
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Fic. 7.—Curves showing Data for Conductors on the Thury System. 
Working Pressure, 100,coo volts. Current Density, 500 amperes per square inch. 


Full-line Curves showing the percentage the constant line loss in k.w.h. bears to the 
output at each load up to full load and at several load factors. 
---- ----- C2 К loss at various line amperes. 


in fact, it is a more important matter than any decision that has to be 
come to in laying out a parallel system. 


TRANSMISSION SYSTEM. 


The system can be worked either as an ordinary 2-wire system with 
both poles insulated, as a 2-wire system using earth as the return, or as 
a 3-wire system using the earth as the middle wire. 

Where the pressure between the wires does not exceed 25,000 volts 
it is usually convenient to work with a 2-wire system, both poles being 
insulated, the line and other insulation of the system being sufficiently 
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good to stand easily the full pressure of 25,000 volts when one end of 
the series of generators is grounded. In this case, should an insulator 
break, or from any other cause one point on the svstem become con- 
nected to earth, no interruption will be caused. Further than this, the 
breakdown can be very conveniently repaired by temporarily grounding 
the whole system at two points, one on each side of the accidental 
earth. Тһе damage may then be made good in perfect safety, the 
current flowing either through the earth or through the damaged con- 
ductor at the time. When all is in order, the two earths are removed | 
and the circuit is worked as before. This method is regularly used in 
repairing the Thury lines in Switzerland. It should be remembered 
in this connection that the current dealt with is usually quite small, 
probably not exceeding 200 amperes, and that it is a constant direct 
current ; therefore no trouble is caused on telephone and telegraph lines. 

Another convenience of the 2-wire system is that when connections 
are made to the line or other work is required at any part of the 
svstem that point may be earthed. 

In the 3-wire system the generators are divided into two approxi- 
mately equal groups, and the middle point is connected to earth. This 
earth connection serves to limit the pressure at either side of the line 
to half the working pressure, so that with the same quality of insulation 
the working pressure may be doubled. Thus, if the system be started 
up as a 2-wire system, it is necessary only to connect to earth the 
middle point in order to enable the output to be doubled. 

The system is not quite so safe as the 2-wire system, as in case of 
an earth in some part of the line, except where the earth divides the 
motors into two nearly equal groups, some part of the plant will be 
stopped, the worst condition being when the earth occurs near the 
power station, when half the supply will be stopped. 

With the use of direct currents of comparatively small valuc, it 
might be possible, in open country districts, to use the earth as the 
return conductor. It would, of course, be necessary to make the earth 
connections in such a way that they were not rapidly destroyed by 
electrolysis. As compared with the 2-wirc system, with the same 
total loss, one-quarter of the line copper would be required, since 
the resistance of the earth is negligible. 

To fix ideas consider an actual case :— 

Assume that power to the extent of 10,000 k.w. is to be transmitted 
over a distance of 100 miles, the current being 200 amperes and the 
pressure 50,000 volts, with two cables of 0°31 sq. in. section weighing 
approximately 1,188,000 Ibs. the loss would be ro per cent. Allowing 
for the same loss and using the ground for the return, the conductor 
could be reduced to 0'155 sq. in. section, the total weight of copper 
being 297,000 lbs. Using the earth as the neutral, thus enabling the 
pressure to be increased to 100,000 volts, the line current could be 
reduced to 100 amperes, and the line would consist of two conductors 
pf 00775 sq. in. section weighing 297,000 Ibs. 

This system would cost more than the 2-wire earthed system ; on 
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the other hand it would be safer, since failure at one point would not 
lay off the whole supply. 

In order to ascertain what effect the continuous use of the earth 
as a conductor has on neighbouring telephones and other circuits, 
and what, if any, unexpected difficulties existed, experiments were 
carried out in the early part of 1902 on the St. Maurice-Lausanne 
transmission line, where, on several occasions, the whole of the supply 
has been transmitted at a pressure of 23,000 volts along one of the 
. insulated transmission lines, using the lightning arrester earth connec- 
tions as the return. The only difference observed as between using the 
double line and single line with earth return is that the loss is less in 
the latter case. 

Further experiments were made at Laucey by a Commission formed 
by the French Government. These experiments were carried out at 
Laucey in conjunction with M. Thury, the line current being 110 
amperes ; they confirmed those made at St. Maurice, the loss being in 
proportion to the current density, the elcctrified zone extending only 
a very short distance into the ground. The drop in voltage was 
felt only in the immediate neighbourhood of the earthed plates. 
No disturbances were apparent either in the telephone or telegraph 
services. 

In order to avoid any disturbance near the ground surface which 
might cause damage to local pipes or other metal work, the ground 
connection can conveniently be made by making a well of suffi 
cient depth to get clear of any surface metal work and to get into 
a good conducting stratum. А mass of metal can be fixed at the 
bottom of the well, and connection сап be made to it by means of ап 
insulated cable. In this way, with the small currents used, in any 
ordinary formation, no disturbance would be caused anywhere near 
the surface. 


DESCRIPTION OF THE CONSTANT-CURRENT SERIES SYSTEM. 


A description of an actual modern series system divides itsclf 
naturally into three heads, viz. : (1) The power station ; (2) the Іше; 
and (3) the sub-station. 

Since one of the generators must bear the maximum difference of 
potential between the line and carth, it would be impossible to insulate 
armature and field windings to carry the very high pressures required, 
and therefore a radical departure, really a reversion to older practice, is 
followed, and the whole frame of the generator is insulated from earth, 
and the armature is coupled to the prime mover by an insulating 
coupling ; then, to secure safety to the attendants it is necessary also to 
insulate the whole engine-house floor, and to arrange that it is impos- 
sible to touch any part of the generators and make earth at the same 
time, These considerations involve difficulties which are overcome in 
the following manner : Fig. 8 shows a section of the engine-house with 
its insulating floor, consisting of a thick layer of asphalte concrete and 
a thin layer of pure asphalte. It is a simple matter to insulate for any 
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practicable working pressure. The machines are carried on insulators 
shown in the drawing, and an insulating coupling serves to couple the 
machine to the prime mover. Ordinary Zodal or Raffard couplings are 
commonly used, and, in some cases, two discs with pins carrying hard 
rubber blocks. 

With this method of insulation it is quite safe to handle the 
whole of the high-tension gear, to clean commutators and the like ; in 
fact, the attendants treat the machines just as if they worked at low 
pressure. 

The line switchboard contains one line ammeter, one voltnieter to 
show the total volts, and switches to cut out the line if required ; also, 
of course, for overhead work, lightning arresters are required. ‘The 
total number of cables leaving the station is usually two, but four might 
be used, arranged two in parallel, if thought advisable. Of course, 
if the earth were used as the return, only one cable would be required. 

The switch gear is of the simplest description; cach machine is 
controlled by a switch pillar, shown in Fig. 9, containing a 4-point 
switch, a voltmeter, and an ammeter. 

It must be remembered that in nearly all the systems carried out by 
M. Thury the generators are driven by water turbines. In his later 
installations, in addition to the insulating coupling, a friction coupling 
is used which slips at an overload of, say, 20 per cent. ; this saves damage 
to the generators due to very sudden short-circuits. A further reference 
will be made to this matter. 

Generally speaking, there are TM ways to design an electrical 
system—one is to put in sufficient spare machines, cables, and safety 
devices, so that if some part of the plant or cables breaks down the 
safety devices cut out the defective gear and prevent dislocation of the 
entire supply. 

In the early days of central stations, when plant was not so good as 
it is to-day, this principle prevailed throughout, even to the point of 
providing duplicate steam pipes and stop valves. 

The later and far superior method is to put in less spare gear and 
install the plant in a better manner, so that it is not likely to break down, 
and to dispense with safety devices as far as may be. 

With the series direct-current system it is impossible to use more 
than one line out of a small station, and perhaps two lines out of a 
large station, and the system does not lend itself to a large number of 
automatic contrivances such as are generally used in the parallel 
system, which, by-the-by, very seldom operate in the way intended. It 
is therefore necessary to install the cable system in the strongest 
possible way, so that the chances of failure are removed. Similar care 
should be taken in the design of the station plant and of the little 
switch gear and accessory apparatus required. 

The safety devices hitherto used are as follows: The generators are 
provided with a short-circuiting switch, which is closed mechanically 
and automatically should the generators reverse their direction of 
rotation due to the breakdown of the prime mover. 
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The slipping coupling already referred to protects the prime mover 
from the generator in the event of a very sudden short-circuit, and it 
appears to be a device of great utility. It should be remembered, 
however, that almost the whole of the existing series systems are driven 
by water power, which is by no means an ideal drive for a series 
generator. A series generator working at constant current requires a 
constant-torque motor to drive it, and is most efficiently regulated by 
varying its speed ; the torque of a water turbine increases as the speed 
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Fic. 9.—Generator Controlling Gear for 60,000 Volts. 


is reduced, the maximum torque being about twice that at the most 
eficient speed. Also, with constant head, to maintain maximum 
efficiency the water turbine should run at constant speed, although in 
the existing series plants the regulation for convenience is carried out 
by varying the speed of the turbines. If, however, it were necessary 
to maintain maximum efficiency on varying loads, it is preferable to 
run the generators at constant speed and to regulate by varying the 
position of the brushes. 
VoL. 88. 82 
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The number of series generators driven by steam is very small, the 
size of the units is small, and therefore there is not much experience on 
which to go, but since the torque of the steam engine with constant 
cut-off is constant, and does not increase in the same way as that of a 
water turbine, it follows that the necessity of the slipping coupling is 
not nearly so great in the case of the steam engine as with the water 
turbine. Its advantage would be that, in the case of a very violent short- 
circuit sufficient to stop the generator armature, the flywheel effect 
of the moving parts of the steam engine would not get further than 
the slipping coupling. 

For the motors, the only safety device consists of a short-circuiting 
switch, which is closed by a solenoid when the pressure across the 
brushes exceeds a predetermined value. This provides for cutting 
out the motor should it become overloaded, or for maintaining the 
. continuity of the line should some accident happen to the motor 
windings. 

The regulation of the line current may be brought about either by 
varying the speed of the prime mover, the position of the brushes being 
constant, or, where it is convenient to keep the speed of the generators 
constant, by varying the position of the brushes. In either case the 
same type of regulator is used. It consists of а solenoid, carrying 
the whole of the line current which operates an armature in the usual 
way, as the line current makes small variations. The armature controls 
two pawls fixed to a rocking arm, which is kept in continuous move- 
ment by means of a small motor. Normally when the current is at its 
correct value both of these pawls are held out of engagement with a 
wheel, but should the current vary, one or other is lowered so as to 
engage with the notches in this wheel and drive it either forward or 
backward. Тһе wheel is coupled to a shaft which controls the 
governors on the turbines or prime movers, or the position of the 
brushes, according to whether the machines are run at variable or 
constant speed. In the case of a 3-wire system two solenoids are 
used, connected at either side of the middle point of the system. Тһе 
motor, which gives about $ H.P., is coupled in series with the main 
line, a resistance being coupled in parallel as the motor does not 
require the whole of the line current. In parallel with both the motor 
and resistance are two or three secondary cells, so that in the case of 
the failure of the line current the motor is still kept running. 

The arrangement of the regulating gear is shown in the photograph, 
Fig. 1o, and a photograph of the regulating gear in Fig. 11. 

The same type of regulating gear is used for controlling the speed 
of the motors, but in this case, in place of the little motor the rocking 
arm and pawls аге driven off the main motor shaft, which also serves 
to drive a small centrifugal governor which controls the position of thc 
pawls in place of the solenoid referred to above. This device serves to 
rock the brushes by means of gearing. Should the speed rise, the 
governor operates in one direction so as to reduce the lead of the 
brushes; similarly when the speed falls the other pawl comes into 
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Fic. 11.—Regulating Gear. 
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action, serving to increase the lead of the brushes and to maintain the 
speed. Тһе action of this device is exceedingly rapid ; it is arranged 
to move the brushes throughout the whole range іп 3 seconds. Dash- 
pots are used on these regulators to secure stability of action. 

Fig. 12 shows a drawing of the switch column, Fig. 13 a photograph 
of the regulating gear, Fig. 14 being a photograph of two of the Lyon 
motors with the regulating gear in position. : 

In the earlier systems the line current given by constant-speed genera- 
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Fic. 12.—Motor Controlling Gear for 60,000 Volts. 


tors and the speed of motors were controlled partly by varying the ficld 
and partly by rocking the brushes, the same regulator taking charge 
of both, but in all the later machines the whole of the regulation is 
done by rocking the brushes. The machines run quite sparklessly in 
all positions of the brushes. This is brought about by so designing the 
machines that,the fields due to the armature and the field windings are 
equal, so that in the non-working position of the brushes they neutralise 
one another. I have seen many of M. Thury's machines under all 
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conditions of load; they run with carbon brushes with beautifully 
clean commutators—in fact, there are no commutator difficulties. 

Тһе machines at Chaux de Fonds, particulars of which installation 
are given in Table I., have been running for nearly eleven years with 
carbon brushes ; they run continuously for a month without touching 
the commutators. 

Prime Movers.—The power-station equipment varies according to 
the type of prime mover used, but wherever possible it is preferable, 
because it is more simple, to keep the line current constant by varying 
the speed of the generator, the brush position being fixed. 

In laying out a transmission system for the purpose of driving 
rotary plant at the sub-stations it is always preferable, particularly 
where fluctuating loads have to be supplied, to place the flywheel as 
near to its work as possible. This is preferable in any system—it is 
particularly so in the series system. Each sub-generator should be 
provided with its own flywheel; this serves to protect all the plant 
behind it from the effect of sudden shocks on the secondary side. No 
further flywheels are required ; in fact, they simply interfere with the 
self-regulation of the system. I believe it to be a mistake to lay out 
even a parallel system in the usual way—that is to say, with enormous 
flywheels on the generator and no flywheels near the load. 

Reciprocating Steam Engines.—With the exception of a few small 
machines all the Thury plants are water driven, and consequently 
there is not very much experience to draw оп for the steam driving of 
large generators ; there would be no difficulty in driving the generators 
at constant speed and varying the brush position in order to keep con- 
stant the current, but since a constant-current series generator is 
essentially a constant-torque machine, whatever be the load, the 
governor may be dispensed with, and this is done in thé cases to 
which reference has been made. A steam engine working at fixed 
cut-off, so as to admit a fixed quantity of steam per stroke, is also a 
constant-torque machine ; consequently if the generator be coupled to 
a steam engine whose cut-off is fixed, it will run at the speed where the 
torques balance, depending in the one case on the value of the constant 
current and in the other on the point of cut-off, the steam pressure 
being steady ; any tendency on the part of the engine to run too fast 
will increase the line current and so increase the generator torque ; 
similarly a tendency to run slow will decrease the generator torque and 
so permit the engine to run faster. Consequently, when the generator 
terminals are short-circuited the engine will first crawl round, causing 
the generator to give the constant line current; an increase of resist- 
ance of the external circuit due to additional load will tend to decrease 
the line current, and with it the torque, and so enable the engine, 
working at constant torque, to speed up ; consequently, as the load 
increases, due to extra resistance in the circuit, the speed will rise and 
with it the pressure ; on the other hand, as the load decreases, due to 
the external resistance decreasing, the speed will fall. With several 
machines in series it might be thought that this system would be 
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unstable, and that one engine might take more than its share of a rising 
load, but the wire drawing due to the greater speed of the steam at 
high loads should prove sufficient to prevent any such tendency. 
When working in this way it is essential that only light flywheels 
be used. 

Steam Turbine.—So far no high-tension direct-current generators 
have been constructed running at turbine speeds, and their design will 
probably be a difficult problem, but Mr. Hobart in the Electrician, 
vol. lvii. p. 424, has suggested that the problem is by no means impos- 
sible of solution. The turbine would be a constant-torque machine if 
the steam were admitted in a definite quantity once іп a fixed number 
of revolutions, as in the Parsons turbines; the effect of running at 
blade speeds below the maximum would, however, be to reduce the 
turbine efficiency ; on the other hand, by this method of running the 
leakage would be constant at all loads. I have no figures to show 
the comparative efficiency of turbines run at various percentages of 
load and at full speed, and at constant torque and variable speed. 

Hydraulic Turbines.—Excepting the instances to which reference 
has been made, all the Thury plants are water driven, and since the 
water turbine is not a constant-torque machine, its use has caused more 
difficulties than would be met where steam driving is used. The 
necessity for the slipping coupling is probably greatly due to the great 
torque of a water turbine at low speeds. The pressure is regulated by 
varying the speed by a Thury regulator arranged to adjust the gate 
opening of all the turbines ; the regulator works so as to keep constant 
current in the system. It is well known that should the proper 
peripheral speed be departed from the efficiency of a water turbine 
rapidly falls, consequently where falls are used having a great percent- 
age variation of head at different times of year, to use the water 
economically the speed of the turbines should be varied to suit the 
variations in the head ; this cannot be done with an alternate-current 
system, but with the series system it is the natural way of running. 
There are many cases where this possibility of suiting the speed of the 
turbines to the head would result in a greater output from a given fall 
than can be obtained at constant speed. 

Gas Engincs.—There is but one instance where a constant-current 
series generator is thus driven, and in this case it is set to run at full 
load, other machines in the series serving to regulate, but it would 
appear that with constant gas admission per stroke the gas engine 
would work betwcen certain speed limits as a constant-torque machine, 
and so would run without a governor. Probably the limits of working 
would be not greater than from half to full speed, but this in most 
cases would be sufficient ; in other cases it might be necessary to work 
at constant speed, with the usual brush rocking gear to maintain 
constant current in the line. 

The Linc.—For overhead working two single conductors are used, 
or if desired two pairs may be used, each pair forming in parallel one 
conductor. Unless separate poles are used it is probably safer to use 
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the two single lines and so to work with half the number of insulators. 
For underground work, two single cables have been used, and will 
probably prove the most secure and convenient arrangement, but this 
part of the problem is quite new, and many improvements may be 
possible. For instance, to give greater security two or three cables 
may be used in parallel working at such a density that should one 
break down the remaining one or two can carry the whole load, but 
modern cables properly laid are so very reliable that only for a very 
large system would the extra cost be warranted, more particularly 
as an earth at one point will cause but a partial stoppage of supply. 

The Sub-station.—The motors аге insulated from the ground and from 
the sub-generators, and ће, оог of the sub-station is insulated by the 
same means as have already been described ; each motor is fitted with 
a regulator to control its speed by varying the brush position. In this 
case the regulator is controlled by a centrifugal governor so as to keep 
the speed constant. A switchboard is provided containing an ammeter, 
voltmeter, and short-circuiting switch to cut out the entire sub-station, 
and each motor has the usual switch pillar, which contains in addition 
to the short-circuiting main switch a device called a by-pass, which 
short-circuits the motor should the pressure betwcen its terminals 
exceed a predetermined amount. Тһе connections are arranged as 
in the power station. 


CAPITAL AND WORKING COSTS. 


It is difficult to make any general comparison of the capital cost 
of different systems, as so much depends on the exact conditions to be 
met, but the tables show the order of differences to be expected. 

Table II. shows the cost of alternate-current stations using turbine 
. machinery ; for all but the smallest size the cost might be reduced 
somewhat by using larger sized units. The cost of buildings is taken 
at a low figure which could not be attained except under favourable 
conditions; the figures relate to the normal rating of the plant. 
Table III. shows the cost of series direct-current power stations, 
in all cases slow-speed reciprocating engines being employed. 
Tables IV., V., VI., and VII. set out the cost of sub-stations exclusive 
of buildings and all low-tension switch gear. Table VIII. shows the 
cost and other particulars for underground work; these results are 
also set out in Figs. 15 and 16 in the form of curves, but at 
different current densities. Table IX. is a summary of the other 
tables and shows the lengths of high-tension mains where the saving 
in the cost of the line work may make up for the extra cost of thc 
direct-current power station. Тһе tables have necessarily been largely 
prepared from estimates, but every care has been taken to make them 
as reliable a guide as possible; at the same time it must be apparent 
that they can give at best only a very rough idea of relative costs, and 
that each case must be considered on its own merits. 

From these figures it may be assumed that where the power station 
is situated at or near the centre of a district whose boundaries extend 
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TABLE Il. 


Power Station—Allernating Current System. 


Total Capacity ...| 2,400 k.w. | 14,000 k.w. | 37,500 k.w. | I10,000 k.w. 


6 ; 400 К.м. | 7 ; 2,000 К.м. |10; 3,750 k. w.|22 ; 5,000 К.М. 


Size (Normal 10,000 volts | 12,000 volts | 15,000 volts | 20,000 volts 


Rating) 


No. of Units al 


including £12,130 £38,695 £87,320 $248,325 


I. Buildings, 
Ch imneys 


.G ti 
^ Plant E £21,690 £84,895 | £200,765 | £520,905 


3. Switch Gear ... $2,980 £5,760 £8,700 £18,440 
4. Boilers, Auxili- 


d Coal 
Hand e £19,380 £68,780 £164,445 £498,370 


Plants 
Total Cost ...| £56,180 £201,130 £473,230 | £1,318,040 
Cost per k.w. ... £234 6144 ЖІ26 Ж129 


TABLE III. 
Power Slation—Thury System. 


Total Capacity ...| 2,400 k.w. | 14,000 k.w. | 37,500 k.w. | 110,000 k.w. 


No. of Units E I2 ; 200 k.w.|14 ; 1,000 k.w.'20 ; 1,875 k.w.|44 ; 2,500 Е.м. 
Size (Normal > | 60 amperes | 250 amperes | 417 amperes | 1,000 amperes 


Rating) 3,300 volts | 4,000 volts 4,500 volts 2,500 volts 


I. including) 


including £12,130 £50,245 £103,490 £288,750 


Chimneys 


2. С {1 
Plant. DELH £27700 | £149,320 | £325,680 | 915780 
3. Switch Gear ... £910 61,225 £1,370 £2,580 


4. Boilers, cl 
‚апа Coal 
Ha nd li "£j £19,380 £08,775 $164,445 £498,370 
Plants 


Total Cost ..| £60,120 $269,565 $594,985 | 41,705,480 
Cost рег k.w. ... £25'05 £1925 413:86 £155 
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radially to, say, 8 miles, only in very exceptional circumstances is the 
series system superior to the parallel alternate system in cost or 
convenience. 

With steam driving with present knowledge the series direct- 
current power station exceeds in cost the turbine-driven alternate- 
current power station, and therefore under such conditions the cost 
of the line is the deciding factor. 


rZ5 


vst 
© 


е гип. 


г mil 
Бе ң 


=ч 
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Cost in £ per KW. 
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X 
(А 


о I 2 3 y 5 
Sectional area of conductor in square inches. 


Fic. 15.—Relation between the Cost of Two 3-Core A.C. Cables and Two 
D.C. Single-Core Cables Working on a 3-Wire Thury System. 


Density, 750 а sq. inch. 
Cost of Copper taken at 487 10s. ton. 
Cost of Trenching and Stone Duct, £1,100 per mile. 


The simplest class of transmission to consider is that where energy 
is transmitted from a single point to a far distant and concentrated load ; 
in this case the tables show where the series system may be considered. 

The second class of transmission is where a more or less circular 
district containing blocks of load at comparatively wide intervals is to 
be supplied from a power station either outside or on the circumference 
of the area; here it is not possible to generalise, and therefore it is 
Convenient to study a special case. 

Consider such an area as shown in Fig. 17, with a distribution of load 
and distances as shown оп the diagram. The total load is 7,000 k.w. 
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o è №. 


8 per K.W. per mile run. 


о I 2 3 A .5 
oize of conductor іп square inches. 
Fic. 16.—Single-Core Cables, Thury System. Relation between size of 


conductor and cost per mile run of cables laid, cost of laying, including trench 
work and ducts, taken at £1,110 per mile. 
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TABLE IV. 


Slalic Transformer Sub-station reducing from High Pressure to a 
Working Pressure of 500 Volts. 


Total Capacity ...| 200 k.w. 800 k.w. 2,000 k.w. 6,000 k.w. 


2; 17 К.у.а. 12; 70 k.v.a.| 12; 170 k.v.a.| 18; 335 k.v.a. 


S.P. Тгапз. | $.Р. Trans. | S.P. Trans. | S.P. Trans. 


No. of Units and 
Size (Normal 


Rating) 
І. С ti 

pane ting, 4625 | 5180 | £2565 | 9070 
2. High Tensi 

Seea | 41755 | 2,205 £2,485 £3,525 
Total Cost wan £2,380 £4,165 £5,050 £13,195 
Cost рег Км. ... {119 £521 £252 £219 

TABLE V. 


Sub-station—Rolary Converter System, giving 500 Volts. 


Total Capacity ..| 200 k.w. 800 k.w. 2,000 k.w. 6,000 k.w. 


No. of Units and 
Size  (Normal;|4; 50 Е.м. | 4; 200 k.w. | 4; 500 Елу. |б; 1,000 k.w. 
Rating) 


I. Converter Plant} £1,575 £3,980 £6,745 £19,925 
ен" | £r62 | £x | 52545 | 3,5% 
Total Cost ...| 23195 46,340 £9,290 £23,505 
Cost рег К.м. ..| £1597 £792 £464 £391 


The cables are laid along roads, the solid lines showing thc direct- 
current cable routes and the dotted line that of the alternate-current 
cables. 

For alternate current two lines are taken from the power station, 
each consisting of two 3-phase cables, the conductors of 0°075 sq. in. 
area, the pressure being 20,000 volts; these are equal to a load of 
7,200 k.w. at 750 amperes per sq. in., the C*R 1055 at full load being 
144 per cent. at the extreme спа of the line. Тһе cost is as 
follows :— 

66 miles оо5 cable at £900 per mile РР ... 259,400 


52 , 00975 , £1,050 ,, дез ... 54,600 
Trenching and duct, 85 miles at £1,000 per mile... 85,000 


Total теў se i £199,000 
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FIG. 17.—Diagram of Typical Bulk Supply Area, the Power Station being 
situated near the Circumference. 


Alternate-Current Cables shown dotted lines. 
Direct-Current Cables shown full lines. 
Sub-stations shown thus e 


ALTERNATING-CURRENT CABLE SYSTEM AT 20,000 VOLTS. 


Two cables of 0075 sq. inch section from power station to sub-stations Nos. І, 2, 3, 4, 14 and 15. 


One cable of 07075 sq. inch section between Nos. 13 and 12 sub-stations. All other sub-stations 
have one 0705 sq. inch cable. 


Length of 0075 sq. inch cable = $2 miles at £1,050 per mile 


iss ... £54,600 
» 0'050 ” ” . = 66 " £900 А ” ‚ае ... 59,400 
Length of trenching = 85 miles at £1,000 per mile. (This includes price of 
conduit, trenching, and reinstating.) 
Trenching  ... vs 25е © oa on ... Ж85.000 
Cable 07035 sq. inch ... Ө» eas сха vis x 59,400 
Cable 0075 sq. inch... ns 48 ЖГ ess ... 54,000 
Total ... 6190.000 
[s 
DIRECT-CURRENT CABLE SYSTEM AT 100,000 VOLTS. 
One cable of o't sq. inch section, length = 84 miles at £580 per mile... 48,720 
Length of trenching = 84 milcs at дооо per mile. (Thisincludes price 
of conduit, trenching, and reinstating) ... -— 45% vs 75,600 


Том... £124,320 
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No allowance is made for power factor or capacity current ог 
dielectric hysteresis losses. It will be seen that this is the cheapest 
possible scheme, the whole supply in the more distant centres depend- 


TABLE VI. 

Sub-station—A.C. Motors coupled to Direct-Current Generators giving 
500 Volts. 

Total Capacity ...| 200 k.w. 800 k.w. 2,000 k.w. 6,000 k.w. 


No. of Units and 


Size (Normal 50 k.w.| 4; 200 k.w. | 4; 500 k.w. |6; 1,000 k.w. 
Rating) 


т. Converter\ 
Plant, Induc- 
tion Motors, 


апа Step-[ #2730 46,755 | £11,735 £35,345 

down Static 

Transformers 
2. High Tensi 

S Gear t| 41620 | £2,360 £2,545 £3,580 
Total Cost ә 44,350 69,115 £14,280 $38,925 
Cost рег Км. ...| 42175 61139 57-14 5649 


TABLE VII. 


Sub-station—Thury System (Thury Motors coupled to D.C. Generators 
giving 500 Volts). 


Total Capacity ...| 200 k.w. 800 k.w. 2,000 k.w. 6,000 k.w. 


No. of Units and 
Size (Normal; | 4; So К.х. | 4; 200 К.х. | 4; 500 k.w. |6; 1,000 k.w. 
Rating) 


1. DC rte г) £2,635 £6,630 £11,580 £26,510 
^ к чөп | £560 £790 41,195 52,640 
Total Cost ...| £3,195 67.420 £12,775 £29,150 
Cost рег Км. ... | £1597 £928 £638 £485 


ing on a single cable. The cost per kilowatt is £28'4, which is almost 
prohibitive and at once shows that a power station nearer the load 
centre is necessary. For direct current a single cable o'1 sq. in. area 
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insulated for working at 50,000 volts to ground, is taken entirely round ‚ r,,, 


the area ; this cable could be worked at 800 amperes per sq. in., giving 5 


the cable a capacity of 8,000 k.w. when working at 100,000 volts on а 
3-wire system. Тһе cost is as follows :— 


84 miles o'r sq. in. single cable at £580  ... ... £48,720 
Trench and duct at £900 e: sae ... 75,500 


Total sus Ж йз $124,220 


The complete costs of the two systems are approximately as 
follows :— 


А.С. Рег K.W. D.C. Рег KW. 
aay ее 35-522 ete 
Power station of 7,000 k.w. 
(A.C. includes step-up | 
transformers) ... ... | 119,000 1790 140,000 200 
Sub-stations of 7,000 k.w. 70,000 10°0 70,000 IO'O 
Line 7,000 А.С. ... 199,000 28: 124,220 17:7* 
8,000 D.C. | 22) 4 4 77 


£388,000 


* The cost of the series line at its full rating is £15'5 per kilowatt. 


In the early stages of such an undertaking, since the cost of trench 
work and duct is so great a proportion of the whole cost of the mains, 
the cost of the cable system would bear a greater proportion to the 
whole, and if in the series system would show a still greater advantage, 
and so enable the concern to start with perhaps 25 per cent. less 
capital—a matter of the utmost importance when the business is slowly 
growing. 

The cost of the alternate-current power station is based on turbo- 
generators with step-up transformers. The direct-current machines 
are driven by slow-speed engines. It is assumed that about three- 
quarters of the energy is converted through rotary machines. 

The C*R loss on the series system is at full load 3 per cent., and 
when the maximum load on the system is but 4,000 k.w. at 25 per 
cent. load factor, the percentage the constant loss bears to the output 
is 24 per cent. This would compare with an overall loss in the mains 
of, say, то per cent. on the parallel system ; but, since the energy lost 
at full load costs about 3d. per unit as compared with, say, о34. per 
unit for the continuing loss, the actual moncy loss will be less on the 
series than on the parallel system. 

As with alternate current, the serics system is laid out at the least 
possible cost, one cable serving each load centre; but the single core 
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cable is a better mechanical job than the 3-core, and is therefore less 
liable to accident ; also the insulation at the stations is far less vulner- 
able, and the number of points where breakdowns generally occur, as 
in the switch gear, are far less in number than with the alternate-current 
system ; and, further, the chances of electrical breakdowns due to 
sudden rises of pressure are much less with the direct-current system ; 
in addition, as has been shown, earthing at one point does not upset the 
entire supply. 

The demand may develop along two lines of route following, say, 
two diverging main roads, and it may at first be advisable to complete 
the entire ring. In this case, with the direct-current system, two single 
lines may be laid picking up the loads along the two roads ; each line 
may be earthed at its end and the circuit completed through earth until 
the increasing demand at a greater distance calls for the completion of 
the ring with copper. 

А further consideration in the problem of supplying this district is 
of interest : Assume the supply to be started with a line current and 
power station suitable to a fixed maximum load, and that at a subse- 
quent date it be found that the load has exceeded expectations, it is 
then a simple matter to erect a second power station at any point on 
the line which approximately equally divides the load on each side; 
the load that can be carried can thus be doubled without laying any 
new mains, and the two stations can be run in series without the 
smallest difficulty. This method has been used in the Chaux de Fonds- 
Locle system, which was started with one small water power station, 
and as the load increased two other power stations were erected, all 
three running in series on the same circuit. In fact, one immense 
advantage is that the difficulties of running in parallel are entirely 
avoided, so that several power stations may be connected to the same 
ring as the total load increases, thus allowing the effective working 
pressure to be raised far above any figure possible with any other 
system ; in short, in this respect the uniform section of main renders 
the series system far more flexible than any parallel system. 

The above district may be taken as typical of many of the so-called 
bulk supply areas in Great Britain. In these, in general, at inany of 
the local centres there are already in existence small stations supplying 
on diverse systems, some direct current and some alternate at various 
frequencies. It is usually necessary in the early days of the undertaking 
to give only a partial supply to each centre, the local steam plant 
handling the remainder; therefore, in most cases, it is necessary to 
give the bulk supply through motor-generators. It is always а 
convenience and often a necessity to run the motor-driven generators 
in parallel with the local steam plant. Where the local supply is direct 
current there is no difficulty, but where the local supply is alternate 
current it is always difficult, and under certain circumstances it is 
impossible. With the series direct system, on the other hand, there 
is no difficulty in giving any class of supply nor in running in parallel 
with any local plant. 
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The costs of working each system will be very similar, though it 
may be claimed that very large turbines would work more economically 
than very large reciprocating engines, but the convenience of working 
the series system is far greater than that of working the parallel 
system ; the switch gear is immensely more simple, and the conveni- 
ence of starting both motors and generators is far in favour of series 
direct-current working. 

Special Applications.—'There are some requirements to which the 
series direct-current system is especially adapted. 

The first of these is when it is essential to run the sub-generators 
at specds varying over wide limits for long periods. This is a very 
common condition for generators for electro-chemical work. There 
are many processes where it is necessary to maintain the current 
practically constant and to vary the pressure over considerable limits. 
Other cases are where the pressure and current are varied, and where 
the machines are called upon to run for considerable periods at reduced 
speed. 

With alternate-current transmission it is commercially impossible to 
vary continuously the speed of the sub-generators over the wide limits 
necessary, whereas the direct-current system allows for any sort of 
variation to be made in the speed of the sub-generators with but small 
reduction in efficiency. 

A second class of work where the series system is very convenient 
is for operating hoists and similar loads where the speed varies over 
wide limits, and where starting and stopping are matters of frequent 
occurrence, and where a high degrce of acceleration is requisite. 

It is of course necessary in such cases to provide that the generators 
are governed by a quick acting governor, so as to maintain the line 
current constant with sudden variations in load—that is, the ordinary 
difficulties met with in dealing with such loads require the usual special 
attention. 

The whole operation of the motors is carried out by the brush 
movement, a rapid screw arrangement being the most convenient. A 
switch should be provided to short-circuit the motor when it is stopped 
for any length of time, so as to save loss of energy and heating in the 
motor winding.  Braking is done, of course, entirely by the brush 
movement, the motors being reversed and run as gencrators. The 
torque of the motors is constant, the speed being varied, as explained 
by the brush movement. 

In efficiency of working, ease of operation, and smoothness of 
starting апа braking, the series system should in many such cases 
show better results than any other system; and where much of the 
supply may conveniently be handled by a 3-phase or other parallel 
system, it may often be convenient and profitable to work hoists, 
winding gear, and similar loads by means of a separate scries system. 

Concluding, I set out some of the possible directions in which the 
series system offers advantages over the parallel system :— 
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. The ability to extend the possible commercial transmission 
distance far beyond that possible with alternate currents, 
and particularly in those cases where underground trans. 
mission is essential. 

. Simplification of switch and regulating gear. 

. Easy working of several stations in series on the same loads, so 
that the more efficient run always, and the less efficient run 
only, on the peak load. 

4. The uniform section of the mains permits an increasing load 
supplied at first from one point to be readily provided for by 

the addition at any other suitable points on the main of other 
stations without addition to the cable system. 

5. Efficient speed regulation of sub-generators where certain 
special loads, such as chemical loads, are to be served from 
a distance. 

6. Greater all-round efficiency to be obtained when the generators 

are driven by turbines worked from a waterfall having a great 

percentage variation of head. 


= 
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I have endeavoured to show that M. Thury has carried the series 
direct-current system to a point far beyond the experimental stage, and 
that in recent years he has made great advances in the direction of the 
improvement of the generators and the motors and in the use of very 
high pressures, and has shown that far higher pressures may be 
attained. At the same time it must be realised that the size of the 
machines hitherto built is comparatively small, but experience shows 
that there would be no difficulty in building machines of greater size, 
and there is no reason why any special difficulties should be met with 
in working much larger series systems than those now running. 


DISCUSSION. 


Lord KELviN : I have listened with extreme interest to Mr. High- 
field's paper ; it is really one of the best scientific papers I have ever 
heard read. It has been so clear on every point that every one present 
has been thoroughly carried along with the author. 

For myself the subject is one of extreme interest. I have never 
swerved from the opinion that the right system for long-distance trans- 
mission of power by electricity is the direct-current system. I do not 
say a word in depreciation of the beauty of the polyphase idea, and of 
the development of that idea, especially in the 3-phase working. The 
great convenience of the 3-phase system is well known to all; the 
case with which, by transformers with no moving part, an augmenta- 
tion can be made from, let us say, 10,000 volts in the generator to 
20,000, 30,000, Or 40,000 volts in the transmission line is very valuable 
and important. In fact, it is, I believe, the great convenience of the 
static transformer that has led to the wonderful and splendid develop- 
ment of the alternating-current system in modern electrical engincering. 
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We have now come to a position in electrical engineering, looked 
forward to twenty or thirty years ago, in which we are practically con- 
fronted with the problem of the transmission of electric power through 
very great distances. After what we have heard from Mr. Highfield, 
I have no suggestion to make in respect to the advantages that he has 
demonstrated of the direct-current system. 

Some of the most subtle problems of electricity, problems depending 
even on resonance, are more or less familiar to all electrical engineers 
at the present time. Тһе perfect freedom of the direct-current system 
from complications of that kind is very remarkable. 

You all understand something about square root 2 being 1:41. 
Starting with that scientific fact, we have this practical application that 
I41 volts of direct current have no more tendency to produce sparks 
than roo volts of alternating current. That, I think, is a statement that 
is generally understood. The 14І to roo we have all known as the 
merit in respect to voltage attainable by direct current, as compared 
with voltage attainable by alternating current ; but now we hear from 
Mr. Highfield that the advantage is far more than the ratio 141 to тоо. 
Mr. Highfield will correct me, but my recollection is that he said it is 
more like 2} to г than 1j to І. The properties of matter concerned іп 
the breaking down of insulation, and the gradual heating up by the 
alternating current till the insulation breaks, determine a result which 
to me was unexpected. Mr. Highfield finds, in respect to insulation, 
a much greater advantage of the direct current over the alternating 
current than has been hitherto known to us. I think I may safely say, 


as proved by the experiments which he has put before us, that 80,000 ' 


volts direct current are more easily worked than 40,000 volts alternating 
current. 

That is enough to prove the case for direct current, unless there are 
difficulties in the practical management of direct current, as compared 
with alternating current. But the difficulties are all the other way ; 
the practical difficulties are in the management of alternating current ; 
the ease (except in respect to the brushes) is all for the direct current. 
So that, not only have we much greater capacities for bearing high 
pressurc, but very much greater ease and convenience in practical work- 
ing, when we adopt the direct current for long-distance transmission. 

I do not go so far as to say that the beautiful systems that are now 
worked out for distributing power over somewhat long distances would 
be better carried out by direct current than by alternating current. 
I do think, however, with regard to the ordinary power-supply stations, 
which are now with but few exceptions founded on the alternating- 
current system, it is just possible that, in future, there may be a change 
to direct current. The penetrating skill and perseverance of Mr. Thury 
having led the way, we may, with the very clear ideas that have been 
put before us by Mr. Highticld, begin to see that, even in the ordinary 
distribution of power by electricity at 20,000 or 30,000 volts, the advan- 
tages of the direct current will bring it to pass sooner or later, that it 
may supersede the alternating current. 
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I am reminded of a little prophetic conversational statement made 
by Lord Rayleigh a good many years ago. He rejoiced to see the 
use of alternating current coming in, “ Because,” he said, “the whole 
world will now learn the subtleties of electrical science, which they 
had no chance of learning before.” That prophecy has been fulfilled. 
“ And,” he added, “аЁег that, they will come back to the continuous 
current." I do not know that you will all agree with that anticipation, 
but you will, I am sure, all enthusiastically agree with Lord Rayleigh 
in rejoicing that we have had this twenty years of alternating current, 
and of electrical science in its most interesting characters, including in 
fact wireless telegraphy, put before beginners in electrical science, as 
they now are in practical schools of electricity. 

Dr. С. КАРР: We have every reason to thank Mr. Highfield for 
having given us a paper which may appropriately be called a pioneer- 
ing paper, and I would couple with that expression of gratitude the 
hope that Mr. Highfield’s pioneering labour may bear fruit in this 
country. There is some reason for expressing such a hope because in 
one instance at least previous experience was the other way. If you 
think of the time of which Lord Kelvin has just spoken, when alternat- 
ing currents were first used for power and light, the pioneering scientific 
labour was done in England, but the practical application was reaped 
abroad. At that time the English manufacturer was busy with continuous- 
current plant and showed very little inclination to take up a system 
which many regarded as new-fangled and useless. I would like to add 
a word of warning: do not consider the high-pressure continuous 
current a new-fangled or a uscless system. I wish manufacturers of 
dynamo machines would devote their energies at least to preparing 
themselves for what is likely to come, the use of continuous-current 
machines giving very high pressure. If we begin to work at the sub- 
ject now we shall be ready when the time comes of which Lord Kelvin 
spoke. We do not desire, I am sure, to repeat the history connected 
with polyphase currents, when we had a lag of five years behind the 
Continent and America, with the result that we see in England at 
the present time so many Continental and American machines at 
work. Those machines could have been built here if we had taken 
in time to this system. For this reason particularly I think we ought 
to be grateful to Mr. Highfield for having brought before us this 
important method of working long-distance transmission. He has 
thrown out certain hints for improvements, which I admit are quite 
possible in the system which has been developed by M. Thury. That 
system, admirable as it is, is not, of course, perfect; it is one man's 
work, and a matter of this kind to be perfect must be the result of the 
labour of many men, and I hope that some of the younger engineers 
will help in carrying that work forward. I may say that I have been 
a convert to this system only for the last three or four years. I resisted 
conversion as long as I could. I have had trouble enough with the 
subtleties of the alternating current, and I did not want to burden my 
mind with something new. But when I had, in the course of my work, 
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to go and inspect some of the Thury stations, and when I saw how Dr. Карр, 
simple, safe, and reliable the working was, I could not help being con- 
verted, and it is as a convert that I now speak. 

There are, of course, certain difficulties connected with this system. 
One is the question of commutation when there is a great difference 
of potential between neighbouring commutator bars and a large current 
to commutate. We heard of a machine which M. Thury has built 
where there were 500 volts between the bars. That is an experimental 
machine giving rampere. There was по difficulty ; but build a machine 
where a current of several hundred amperes has to be commutated and 
it will be found a difficult problem. М. Thury has found a solution, 
but only up to a certain limit of output. He has deweloped a certain 
{уре of machine which within that limit is fairly satisfactory, but which 
. from the dynamo builder's point of view is not perfect. I do not want 
to make a reproach of that. Тһе machine works well and serves its 
purpose, but for larger units the design will have to Бе altered to get 
perfect commutation. This should be possible by using Messrs. 
Parsons & Stoney's admirable method of compensating for armature 
reaction, and creating a commutating field in air. These gentlemen 
have applied this method to their steam turbine-driven dynamos with 
perfect results. There is not the faintest sparking at the brushes, even 
with quickly varying loads. Тһе difficulty in the commutation of the 
direct-current machines at high pressure may thus be considered as 
solved. Another difficulty is the insulation of the machine from the 
motor which drives it. At present M. Thury uses either a Zodel 
coupling or, for higher pressures, a special kind of rubber coupling. 
Instead of the Zodel leather band there are indiarubber rings which 
press against each other. Тһе distance between charged and earthed 
parts is thus twice the thickness of one ring when compressed, or, say, 
6 ins. at most. This is not enough for 70,000 volts or more. Тһегс 
must be a long distance between the points of great difference ‘of 
potential. For this reason the insulating coupling as now made 
appeared to me unreliable for very high voltage. I was at that 
time connected, as advisor, with a company which had a scheme for 
carrying electricity over 800 miles of veldt, and before going any 
further I wanted to see whether the difficulty of the coupling could 
be solved. I designed a coupling in which no charged point should be 
nearer than about 18 ins. from earthed parts. That, of course, required 
the use of drag links made of insulating material, and the coupling 
became very large. One could not build a whole coupling to test it, 
but I arranged an apparatus for testing the links under mechanical 
and electrical stress. Ап illustration of the apparatus is shown in 
the accompanying Fig. A. The links were suspended under great 
stress, and at the same time a pressure of 70,000 volts continuous 
current was put on and kept on for hours. І was not present at the 
test, but Dr. Tissot, of Bale, who watched the test, sent me a photograph 
and the particulars. These links stood perfectly well. They were of 
ordinary rubber and canvas belting without any special preparations 
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to improve their insulation. Тһе insulation resistance whilst under 


mechanical and electrical stress was 118 megohms. That works out 
at a loss of only 42 watts, so that practically it may be said the difficulty 
of the insulating coupling is solved. We can get insulating material 
which will stand a great mechanical stress and at the same time stand 
70,000 volts and probably more. Another difficulty was with the 
insulators for the line. I was afraid that, with a very long line, the 
loss by leakage would be considerable, so I had tests made of some 
insulators, and it may interest the meeting to know what is lost 
through insulators. We һай an artificial rain of 1 to 2 millimetres per 
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minute, and at 50,000 volts alternating current each insulator lost 
53 watts. There are about 80 insulators in a mile of 3-phase line 
so that with 50,000 volts to earth the loss would be 450 watts per mile. 
But at 70,000 to earth the loss in one insulator is nearly double, namely, 
IO'5 watts, so that a line of 500 miles would lose 400 k.w. I do not 
think we should have this great loss with continuous current. I believe 
the large loss is due to the fact pointed out by Mr. Highfield that the 
ripples or surgings superimposed on the fundamental harmonic reach 
much higher than the pressure which our voltmeter shows. The latter 
is the square root of mean squares, but the insulator feels the ripples 
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which act, so to speak, as pioneers, making a path for the first harmonic 
to follow. With continuous current this effect cannot take place, and 
the loss should therefore be much reduced. As regards the question 
of cost, I must admire the great pains Mr. Highfield has taken in work- 
ing out his tables, and I think they will be very useful in future when 
one has to make preliminary estimates. Meanwhile, it may interest 
the meeting to hear some figures as originally worked out in very 
minute detail for a transmission plant in Switzerland, which is to bring 
about 12,000 k.w. to Zurich from the River Albula. The distance is 
not very great, only 85 miles. Estimates were made for two systems, 
one the ordinary 3-phase and the other the direct-current system. As 
regards the choice of pressure, it is interesting to note that the figures 
which Lord Kelvin has just mentioned are almost exactly the figures 
which the engineers of the Zurich transmission scheme decided on 
after careful investigation. Lord Kelvin said 80,000 and 40,000 volts, 
and as a matter of fact the design for the transmission to Zurich was 
based on direct current of 80,000 volts and 3-phase current of 46,000 
volts. That is at the generating end. At the delivery end in Zurich it 
would be 40,000 volts 3-phase, and 68,000 direct current. In both cases 
the generating station is 15,000 k.w. The delivery was a little more 
with 3-phase current, namely, 11,800 k.w. delivered in Zurich under a 
pressure of 40,000 volts, whilst with the continuous current transmission 
only 10,500 Км. would be delivered, but also in the shape of 3-phase 
current at 40,000 volts. Тһе necessity of conversion at the delivery 
end is the cause why with the direct-current system the efficiency is 
.not so great. This brings me to a point which Mr. Highfield has men- 
tioned, namely, that efficiency should be considered financially. Trans- 
lated into money value, the continuous-current system comes out 
better. The total cost of the continuous-current system was £220,000, 
and of the alternating-current £247,000. That means that the alternating 
system is slightly dearer, but it must be remembered that that system 
delivers at 40,000 volts into an existing ring main. It is an accident 
that that ring main exists, but it is very convenient for the alternating 
current. If sub-stations had to be put up, as is necessary for the con- 
tinuous current, then the difference would be greater. In putting both 
systems on to the same basis, in this onc particular case we find tbat 
the prime cost is £23 per k.w. delivered for the 3-phase and £21 for the 
direct-current system. Тһе difference in total cost is not very great, 
but the difference in the cost of the line is very great. In the alterna- 
ting-current 3-phase system the line cost £156,000, whereas the direct- 
current line only cost 478,500. This is with a comparatively short line. 
For greater distances the influence of the line on total cost would be 
greater, and the continuous-current system must come out considerably 
cheaper. Even on moderately long lines when cables have to be used 
the difference in total cost will be considerably in favour of the con- 
tinuous-current system. 

Mr. C. P. Sparks: I have had my attention riveted on alter- 
nating-current work for the last twenty years, and in this country, 
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with the absence of water power and the comparatively short distance 
of transmission, the alternating current has served, and is likely to 
serve us, for along time. But this country of ours is only a small unit 
іп a great Empire, and in looking round the Empire I feel that the 
series direct-current system brought to our notice by Mr. Highfield 
is of great importance, Where we are dealing with water power, 
long distances, and a fixed amount of energy for transmission, I have 
no doubt of the advantages of this system. At the moment, without 
discussing that point, there are one or two matters that I should like to 
refer to in the paper, amongst the many interesting particulars that are 
brought to our notice by the author. Ido this to elicit information, 
and not to criticise a paper that has been most ably put before us. 
First, with regard to the comparison of direct and alternating current. 
I have no experience of very high-pressure direct currents ; but looking 
back to the early days when we operated with 3,000 volts, or some- 
times with 6,000, with series arc-lighting machines, one remembers 
that, although with overhead wires the difficulties were not great, that 
with underground conductors the direct current proved at that time a 
source of great difficulty. Comparing lower pressures again, we have 
the fact that direct-current mains laid underground have generally 
proved a source of greater difficulty than alternating-current mains at 
the same pressure. That is due to the electrolytic action of direct 
currents, and to the fact that the negative conductor attracts moisture 
and tends to break down. Personally, I think the comparison, instead 
of being in favour of the direct-current system, is in favour of the 
alternating current with underground cables, and in place of being 
two and a quarter times in favour of the direct current, it is very much 
the same ratio in favour of alternating. In this I am speaking with an 
experience of comparatively small pressures ; I have no experience 
of the big pressures that have been put before us to-night; but put 
the lines overhead, and then Г am with the author; I think the 
advantages there are great. Тһе conditions of working are so entirely 
different from underground, that I have no doubt the figure һе 
gives in favour of the direct current is in the proportion mentioned. 
Secondly, Г notice in the paper (page 475) an allusion to a short length 
of underground cable which has been laid for use with high-pressure 
direct current. It would be interesting to have particulars of the 
insulating material, and the working pressure of that particular cable to 
earth, which depends on the position of this cable relatively to the 
load and the earth connection. Another point I should like to refer 
to is the question of alternating distribution. Тһе series system is new 
to me; I have not thought about it for over twenty years. There isa 
comparison between alternating- and continuous-current distribution in 
the diagram (Fig. 17). If I was starting from the point (power station) 
set out, I should not lay out the alternating system in the way 
proposed. Тһе alternating-current system shown has 118 miles of 
conductor, and there is only a single supply to each sub-station. 
Alternatively one might connect sub-station (4) on the one side to 
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No. 10 on the other, and thus have two rings giving at least a 
duplicated supply to each sub-station. There would be 132 miles in 
this case, against 118 proposed. But the extra 14 miles give a dupli- 
cated supply to each alternating-current sub.station, which is of 
great advantage as compared with the single supply on the direct- 
current system. ‘Then as to the method of carrying out the work, the 
alternating-current system can be developed gradually just as on the 
direct. One can begin with two legs, and when they have advanced а 
certain distance they can be looped, and if this is done they can be 
extended gradually over the whole area, finally duplicating the first 
riug. No doubt this is only a diagrammatic case put before us, but on 
looking at the demand in that area, shown at 7,000 k.w., it appears to 
me that, with a station situated at the edge of the district, the only 
economic method of supply is by an aérial line. И an aérial line is 
impossible, then the station should be in a more central position. With 
regard to the comparative losses in the two systems, in the case of the 
diect current, the low cost of the units lost spread over the whole 
year, and the high cost of the units lost on the peak with the 
alternating system is pointed out on page 498. Without criticising the 
figures given by the author of o:3d. per unit іп one case and 3'od. in 
the other, I see he takes in the case of the direct current “the per- 
centage the constant loss bears to the output is 24 per cent." ; and 
then says, “This would compare with an overall loss in the mains of, 
say, IO per cent. оп the parallel system.” Іп the parallel system the 
greatest loss is at full load at the furthest point, and the average loss 
on the system is less. In making out a balance-shect for a year, it 
appears to me that the direct.current losses at time of full load in 
this particular case would be between 5 and 6 per cent., while average 
alternating-current loss at this load would be less, while the actual units 
lost during the year would be so much greater in the direct-current 
case than in the alternating current that, taking the units at the price 
given, it shows with 4,000-k.w. demand and 25 per cent. load factor 
that the alternating current is the cheaper one of the two so far as 
losses are concerned. Тһе last point I should like to make is this: 
The author claims on page 502, “Тһе ability to extend the possible 
commercial transmission distance far beyond that possible with alter- 
nate currents.” With that I thoroughly agree; and then he adds, 
“Апа particularly in those cases where underground transmission is 
essential." With that I totally disagree. 

Mr. THOMAS HESKETH : There arc two or three points in this paper 
upon which I would like to make a few remarks. Lord Kelvin has 
touched lightly on the first of them. Тһе point I refer to is the 
question of the insulation resistance: the relative values of alternating 
as against continuous current as bearing on the insulation resistance of 
the cables. Lord Kelvin suggested that, viewed only from a scientific 
or laboratory experimental point of view of the spark-gaps, the con- 
tinuous current had a very decided advantage over the alternating 
current. The second speaker agreed with the point that the author 
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raised : that the advantages in favour of the continuous current were 
some two and a half times that of the alternating current. The next 
speaker said that, on account of the power the negative cable has of 
attracting moisture, and also from electrolytic reasons, the continuous- 
current cable was at a decided disadvantage as compared with the 
alternating current. They arc all three, to my mind, correct, as far as 
they have gone, but they have not gone far enough. Nearly the whole 
of the trouble that we are accustomed to in practical working is not so 
much caused by the breakdown of dielectrics due to applied electro- 
motive force, but is caused by phenomenal electromotive force when 
surges or resonance effects are set up. In my own station I am running 
a continuous current set at a voltage, you may call it, of 3,000—2,980 
we have actually worked at—and the current generated is sent on one 
cable two miles, and on another cable four miles. We have, like many 
alternating-current stations, had breakdowns varying in degree, but I 
am satisfied, from the results of those breakdowns, that it was not the 
applied electromotive force which caused the trouble. Resonance 
effects undoubtedly were set up, although the lines were, one would 
imagine, the most suitable for continuous-current working. In one 
case the electrostatic voltmeter, one of Lord Kelvin's instruments, 
calibrated up to 3,000 volts, and which would stand in the laboratory 
at least 6,000 to 10,000 volts, sparked across. It could not have 
sparked across with anything like the normal working current. 
Again, the brush-holders of the particular machines I am referring 
to are extremely well insulated ; mica and very large ebonite caps 
being made use of, but the spark jumped a distance of at least 4 ins. 
over these. This was not a spark of an ordinary 3,000 continuous- 
current voltage, although it might possibly have been dragged out of 
its track by the influence of the fields. But a more conclusive proof 
that a resonance effect is rather to be looked to as the cause of break- 
down, than the applied electromotive force, is given by the per- 
forations which take place in the armature windings every time an 
interruption of this class occurs. If one can follow in one's mind 
from the cables, through the main switches, up from the holders, 
down the commutator, up to the inductive windings on the armature, 
I think it will be agreed that the first real impedance for a current 
surge comes in where the conductor leaves the commutator segments, 
and passes between the iron of the armature and the field ; it is always 
at this particular point—the right-angle point where the wire leaves 
the commutator and runs along the armature—that the spark breaks 
through the insulation, not from one conductor to another, but 
apparently into space, sometimes leaving a puncture as large as the 
end of a lead pencil, at other times leaving a multiplicity of small 
pinholes, which I look upon as being much more serious in their 
effects. The reason I say this is, that when the larger perforations 
are left, one sees them and takes precautions to insulate them again 
before putting the machine into action. These pinholes, in the case I 
am referring to, occur not when a serious accident takes place, but 
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when a heavy short-circuit — of, say, 150 k.w.— occurs. At other м 


times the quick reduction of current flow will cause the evil, as, for 
example, when a circuit is opened on full load. 

In one case, owing to negligence on the part of the switchboard 
attendant, the wooden blocks specially provided to put the automatic 
cutouts out of action were omitted to be placed in position, and the 
result was the main switches opened when a current of 120 amperes 
was flowing. We then got probably the biggest surge that we have 
ever had, and with regard to the machine, apart from the armature 
being destroyed, the commutator was burned all the way round, whilst, 
in addition to the pinholes I have previously referred to, the mains 
broke down at two places where sharp right-angle bends existed. 
When a serious perforation takes place it is bad enough, but what I 
strongly object to on the part of these resonance effects is that they 
make small perforations, because one is able to run the machines up 
again, and it is only after a lapse of considerable time that the dirt 
and dust works into the perforation and one is worse off than one was 
before. From this point of view the advent of the Thury system is to 
be regarded with the greatest of all pleasure, because with a 
theoretically light machine it is impossible, I take it, to get 
oscillations due to wide variations of current. If there is no reserve 
of energy stored up in the flywheel, the engine under theoretical con- 
ditions would automatically maintain a constant current, and not send 
a large current productive of surges. This, to my mind, is one of the 
very greatest advantages in the Thury system, and far outweighs the 
disadvantage of electrolytic or osmotic action, or the capacity the nega- 
tive cable has for attracting moisture. I believe, as regards under- 
ground cables, if those cables always remained in the condition in 
which they were sent out by the makers the moisture would not be 
drawn into the negative cable, and I feel sure that surges which are 
never recognised by engineers cause minute microscopic perforations, 
and these permit of the moisture being drawn in. Apart from osmotic 
effects or punctures, there is a strange breathing action taking place 
in all large conductors when variable currents are sent through them. 
Imagine the case of a large conductor running at a light load in 
certain parts of the twenty-four hours, and heavily loaded later оп; 
the conductor heats up to an appreciable extent, and expels any air 
that may be locked in the interstices. On cooling down the opposite 
effects take расе; and if there are appreciable, although only micro- 
scopic perforations, moisture would be drawn in which would readily 
lend itself to electrolytic action, and the end of the cable would be 
assured. 

I have dwelt at some length with the question of surges, for I have 
felt for some time that English engineers, owing to the restricted areas 
of supply, have not had the opportunities American and Continental 
engineers have had for practical illustrations of the effects they create, 
and in case it may be assumed that the effects I have drawn attention 
to are particularly associated with continuous-current working, I would 
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' briefly draw the members’ attention to that admirable paper on surges 


by Steinmetz, and if, as I have endeavoured to prove, the greater 
portion of breakdowns are occasioned by resonance or other capacity 
effects, then it is clear, in addition to the advantages so ably put for- 
ward by Mr. Highficld, that the Thury system brings with it a great 
probability of eliminating these less usually recognised evils. 

The author has raised the question of the difficulty of building con- 
tinuous-current machines with voltages high enough to carry out to the 
full effect the Thury system, and he has advocated the use of a pair of 
machines to double the present working voltage. А suggestion was 
made to me by a firm of dynamo builders some time ago, which I can- 
not help thinking was based upon the supposition that commutation of 
3,000 volts was difficult. It was to the effect that they were prepared 
to build a 300-k.w. machine to work at 3,000 volts continuous current, 
provided they were allowed to use a double-wound armature and two 
commutators, the brushes of these commutators being coupled in 
series, and so halving the E.M.F.'s between the segments on the com- 
mutators. Now, as a matter of fact, there is absolutely no difficulty in 
commutating 3,000 volts, but the provision of twin commutators and 
double-wound armatures would excellently overcome the difficulties 
Mr. Highfield has mentioned on page 479 in the way of doubling the 
line current in the event of the growth of the station warranting such 
change. 


DISCUSSION AT MEETING OF MARCH 14, 1907. 


Мг. W. Н. PaTCHELL: The subject of direct-current trans- 
mission is one which has always had a particular interest for mc. 
Twenty years ago I was engaged as works manager of the Elec- 
trical Power Storage Company with the late Mr. Frank King, 
engineer of the Company, in working out a patent series system of 
charging batteries with the discharge in parallel. The experience 
we then had in trying to build up several hundred volts by putting 
Edison, Siemens, Schuckert, and sundry other machines in series 
was very entertaining. We also experimented with а Thomson- 
Houston and a Statter constant-current machine for the same purpose. 
We got the system to such a stage that we found we could promote a 
company, and in 1888 a Provisional Order was obtained for the arca 
which is now supplied by the Chelsea Electric Supply Company. As 
the high-tension steam dynamos for charging the batteries in series at 
500 volts would be doing nothing at the time of the peak load, we then 
had to develop a rotary converter. We had considerable opposition 
in getting the machine from the Electric Construction Corporation, 
who considered we should never be able to make such an arrangment 
work, and had in the meantime bought the E.P.S. works. We solved 
the difficulty by building an armature at Millwall for a Wolverhampton 
frame, and having proved that such a machine was feasible, Chelsea 
was equipped with them. А further development of the scheme was 
the “Oxford system" with the long range control. Walsall and Hull 
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were also equipped on the system. Some years later I went to the M 


Charing Cross Company, and when I had to develop the station at 
Lambeth I carried out the extensions on r,ooo volts continuous current, 
and I suppose for many years the Lambeth 4,000-k.w. plant was the 
largest of that type running. That brings me to the opening page of 
the paper, where the author says that the use of direct current gets 
over the difficulties to which we are more accustomed with alternating 
current. 'That is not my experience. Direct current does not cause 
breakdowns and surges so frequently as alternating current, but when 
a breakdown with continuous current does happen, one then begins to 
realise that something special is going on! Although it is not distinctly 
stated in the paper, I gather that in M. Thury's machines his fields are 
excited with the full line current, and they work as series machines. 
I did not care to put r,ooo volts on shunt fields, so I had them all 
separately excited at 200 volts. At first there was no interlocking gear, 
and the apparatus was not fool-proof. When a man pulled the wrong 
switch, we got surges and jumps far larger than could possibly have 
been due to 1,000 volts. We had not Mr. Duddell's oscillograph and 
the other means we have now of telling what the pressure rcally was, 
and all we could do was to put up shields and increase the distances 
between live parts. If we had had the insulating floors round our 
machines and switchboards which M. Thury now works with, and had 
not earthed the switchboard frames, we should have been saved a good 
many breakdowns. I should be afraid to say how many inches that 
"rooo volts" jumped ; sometimes with a faulty machine it was а 
matter of a couple of fcet. I think, therefore, we must take the 
statement on the first page that recourse to this system will eliminate 
all those difficulties, with a little reservation for the present. А great 
deal of the trouble that we experienced was no doubt duc to the large 
power behind the spark. Оп page 473 the author says that M. Thury's 
machine was working at т атреге. Ц is possible to do anything 
with т ampere, but with big machines on a short-circuit, and with 
untold current flowing, {һе interest begins. Тһе initial breakdown 
is not the worst part of the trouble ; it is the arc which follows that 
does the damage ; so if the current is limited, the breakdown may 
be a very tame affair! All of us would wish we had such a system 
that we need not mind whether a machine broke down or not, and 
could leave it in circuit and let the current run through it, as it is 
stated on page 477 M. Thury does. That is.most convenient; and 
we who have been responsible for parallel stations would devoutly 
wish wethad machines of that sort! On page 482 the author refers 
to a rather interesting novelty—the point of making an earth connec- 
tion for a system down in a well. In mining work we are doing that 
constantly ; but as to the possibility of doing it in town, I am reminded 
of what happened some years ago оп the south side of London. Тһе 
engineer of a supply company was blamed for charging up a man's 
railings. Не did not see that he could be charging those railings, 
although his mains were in the strect. He went round and found that 
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he could get a kick on the galvanometer that he took with him off the 
railings, and that proved to him it was not his own current because he 
had alternating supply ! It then appeared that the current was coming 
from the bowels of the earth, from a tube which was running at a con- 
siderable depth beneath, upon which there was no station anywhere 
near. Т think as we cannot quite rely on the current which is dis- 
charged down at the bottom of a well coming up exactly where we 
want it, that sort of earthing will have to be done very cautiously. 

On the question of earthing, the system seems to me admirablv 
adapted for a set of sub-stations under one control, either direct or in- 
direct control. Last week when reading his paper, theauthor dilated on 
the flexibility of the system, and told of the case of the man who could 


take out his threshing machine and connect up the motor with the 


overhead transmission wires and earth the return without interfering 
with the supply. But he did not say what would happen to the rest of 
the circuit if another man went out at the same time with another 
threshing machine on the opposite side of the ring ! 

The author's remarks on flywheels I do not quite follow. Оп 
page 488, when discussing prime movers, һе says, “I believe it to 
be a mistake to lay out even a parallel system in the usual way—that 
is to say, with enormous flywheels on the generator and no flywheels 
near the load." Those of us who are used to working with reciprocat- 
ing engines rely on the flywheel for getting even turning, and especially 
with an alternating plant that is absolutely important. With the series 
system it is not so important, but I fail to see how an engine could 
get over its centres comfortably without a certain amount of flywheel 
on it. As to the flywheel near the load, that has been done years ago, 
and has been done again lately on the Ilgner system for getting steady 
turning for winding motors. А 25-іоп or even larger flywheel on 
a motor-generator is placed close up to the winder (it does not matter 
how far away from the source of power), and then with a steady 
load on the power station all the time, an intermittent huge amount 
of power is obtained at the winder. The author remarks that we get 
a constant torque on reciprocating steam engines, and then a little 
further on in the paper he says that we get the same advantage, 
constant torque, with a gas engine. Surely the most ardent advocate 
of the gas engine would hardly dare to claim for it a constant torque, 
because I think it has probably the most uneven turning moment of 
any prime mover. If the author means something by constant torque 
which we do not quite understand as such, I hope he will clear it up. 
Certainly one trouble,with running gas engines nowadays is the any- 
thing but constant torque that they give. 

On the last page the author sketches out the adaptability of this 
particular system to mining work. I am referring particularly to 
his second class of work on page 501, where he claims that the series 
system is very convenient for operating hoists and similar loads, and 
a little further down he evidently refers again to winding machines. 
I should think if there is anything which this series system at 
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present is not well adapted to, it is a winding engine, unless with the M 


Прпег system, and then it does not matter a straw whether one adopts 
a 3-phase, single-phase, or the series system : they are all equally 
adapted. I should be very glad if, in his reply, the author will 
clear up a few of these points, because really this is a most interesting 
description of a novel system. 

Mr. FRANK BaiLEY : It is somewhat difficult to criticise a paper of 
this kind in the light of any direct experience of such a novel method. 
I can only express my own admiration at the marvellous way in which 
M. Thury has overcome the novel difficulties, and reached such a 
success with apparently so little trouble. It is quite true, from the 
figures given in Table I., that the scheme as carried out in Switzerland 
dates back a good many years, and apparently at first sight it is a little 
difficult to explain why a method which has proved so admirable there 
has not yet been copied, or at any rate carried out to the same extent 
in other countries. If I may suggest a reason, it would be that we 
have been somewhat blinded by the extraordinary success of the 
admirable points of the 3-phase and other multi-phase transmission. 
While it is to be regretted, on the one hand, that it has not enabled us 
perhaps to appreciate the good points of the other system, on the other 
hand, I must admit that it has been an educational training for all 


concerned. We have learned a good deal from alterpating-current. 


work; we have learned what to avoid ; we have learned how to over- 
come difficulties ; and last, but not least, the investing public has learned 
how to lose its money. We have all heard of power schemes in this 
country. Very few of them have been quite so successful as wc would 
like; and how far those power schemes would have succeeded had 
such a system as this been put before them remains to be seen. I 
cannot speak from experience of such high pressures as the designer 
of this system is using, but it seems to me a remarkable thing that one 
man unaided, with no previous history or experience to guide him, should 
by himself have carried such a marvellous scheme to a successful issue. 
In our own experience—and Iam quite sure many here must have 
had more experience than I have had of 3-phase and other trans- 
mission—we have seen what troubles there are. It would be wrong to 
suggest that the 3-phasc is the perfect or ideal system. It is quite 
true we have overcome difficulties. But because we have got over 
difficulties, it is no reason why we should neglect to consider the 
admirable claims of a system of this kind. We have seen what it is to 
put alternators in parallel and to run two steam stations in parallel—I 
know to my cost. We know the extraordinary effects we can get— 
impedance, inductance, and surges; but,at any rate, in a continuous- 
current system we have a flexibility of system and an elasticity of 
control which only those who have had continuous-current work before 
them can fully appreciate. Many ycars of my life were spent in trying 
to overcome alternating-current difficulties, and it is only within the 
last seven or eight years I have realised what absolute peace was, and 
that was after changing the system from alternating current to con- 
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tinuous current. We shall, no doubt, be told that in Switzerland this 
system has been a success, partly because the transmission is by over- 
head conductors. If it is possible to work the system overhead in such 
a manner as M. Thury has done in Switzerland, why not do it under- 
ground in this country ? We have all had trouble with cables, and we 
have heard of terrible things which have happened— we have called it 
quite a new name, osmosis. Before we knew that word we never 
dreamed of those terrible things that would happen to cables. If a 
cable broke down, we found the fault and probably condemned the 
cable, I have taken out many miles of defective cable, mostly india- 
rubber, and replaced it by paper cables. For many years past I have 
been running many miles of paper cable with 3,000 volts continuous 
current, and we have not had a single fault. If osmosis exists, I have not 
seen it. If cables break down, no doubt moisture gets in, but the system 
must not be condemned for that; it is because the cable is bad. If 
cable makers and dynamo builders are ready and willing to undertake 
the responsibility connected with the new system, which has reached a 
successful conclusion, why should we throw any doubt on the possibility 
of introducing it? I noticed with a good deal of gratification that, in 
the tables the author has given comparing the capital cost of the two 
systems, he has not erred by any means оп the side of exaggcration. 


. To my mind the figures he has given are quite reasonable, and certainly 


warrant our best study. 

Mr. B. M. JENKIN: It scems to me that one of the most important 
things in this paper is the question of the use of the 3-wire system, 
and I should like the author to explain that matter further. Having 
had experience of the troubles of 3-phase current, one naturally 
wants to find out what the troubles are in this direct-current system, 
and therefore if I suggest certain troubles, it is only to enable the 
author to explain that they do not exist rather than make too much of 
them. He says on page 481 that, “ In the 3-wire system the generators 
are divided into two approximately equal groups, and the middle point 
is connected to earth." I understand him to mean by that, that he 
connects the circuit to earth at the power house, and that there is no 
other earth on the system outside. "That, at first sight, would appear 
to be all right. He saysfurther down, “Тһе system is not quite so safe 
as the 2-wire system, as in the case of an carth in some part of the 
line, except where the earth divides the motors into two nearly equal 
groups, some part of the plant will be stopped, the worst condition 
being when the earth occurs near the power station, when half the 
supply will be stopped." I have tried to work that out, and the 
diagrams will show my difficulty. Quite likely it is entirely wrong, 
but I cannot quite understand what happens. 

Fig. B indicates, diagrammatically, by the full line the potential drop 
over the circuit at full load with the system earthed between the two 
generators at the power house. On the occurrence of а fault at the 
point indicated, the potential diagram is altered to the dotted line for 
generator A, and to the dot-and-dash line for generator B. — About 
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three-quarters of the load is thrown on A, which is more than it can 
deal with, and the current drops in consequence. The drop in volts 
along this section of the circuit is also reduced. The remaining part 
of the load is taken by generator B, which continues to work with full 


Fault 


Fic. B. Fic. C. 


current, but its voltage is reduced to correspond to the reduction of 
load. Only one-quarter of the circuit is working properly. 

Fig. C shows a similar arrangement, but with a permanent earth 
half-way along the external circuit, as well as an earth between the 
generators at the power house. This is a true 3-wire system, and 
оп the occurrence of a fault, as before, generator A continues to work 
with its full current, and maintains the load on its side of the system. 
Generator B takes a quarter of the load, maintaining full current, but 
at reduced volts. The part of the circuit between E2 and the fault is 
cut out, the current passing by earth from E2 to the fault. Three- 
quarters of the circuit is working properly. 

Fig. D shows a similar system, but with the middle point of the 
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external circuit permanently earthed only, there being no carth at the 

power house. In this case, on the occurrence of a fault, the same 

results as іп Fig. С are obtained on the external circuit, but the two 

Benerators share the load equally, the volts being reduced on each to 
VoL. 88. 84 
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the same extent. Three-quarters of the circuit are working properly. 
Of the three arrangements, this on the whole appears to be the best. 

The above description and the diagrams are, of course, only an 
approximate indication of what occurs with a fault at the particular 
point chosen. Тһе matter is further complicated if we consider the 
effect of putting a second power house on to the circuit. What would 
happen then as to earthing the system I cannot quite see. 

The next question I would like to ask the author is with regard to 
governing. He suggests that, with steam engines, governors are not 
necessary, because one can let them work against the generators, the 
current doing the governing and the engine running as fast as it can. 
But in the case that I have shown in Fig. B, the top half of the 
load becomes too great for tbe engine ; the current is decreased in 
consequence, and the engine will run away. "Therefore we must cer- 
tainly have an emergency governor to hold the engine from racing. I 
imagine that was intended. 

The question of the С?К losses I feel is very important indeed, and 
if the author could say anything further than he has done upon that 
point I think it would reassureus. At the foot of page 498 he says that 
“The CR loss on the series system is at full load 3 per cent." Не 
then speaks about what it would be on a certain load factor, and 
further down he says, “ This would compare with an overall loss in the 
mains of, say, 10 per cent. on the parallel system.” Does that 3 per 
cent. and the то pcr cent. mean the loss in the mains at full load, 
simply kilowatt loss? (Mr. Highfield: Yes.) If that is so, it seems to 
me that it is hardly fair to charge the constant 3 per cent. loss (the 
losses due to the direct current) at o'3d., and to charge the losses 
in the alternating-current system at 3d. After all, the series system 
losses occur in the mains during the peak load, and perhaps that 
proportion of these losses ought at any rate to be charged at 3d. ; 
but I do not see why, when they occur at the peak in the parallcl 
system, they should be charged at 3d. Further than that, we have in 
the gencrating station usually a number of auxiliary motors, and so on, 
and I do not think it is customary to charge all the current to them 
during peak load at 3d. It seems to me that the losses in the mains 
should be charged at the same rate. The only difference apparently 
being that somewhat more plant is required to take up the loss in the 
mains at the peak of the load with the parallel system than is required 
with the series system. Іп the former case we have a loss of 10 рег 
cent. and in the latter 3 per cent., so that there is, say, 7 per cent. 
difference. The cost of that additional plant may be charged to the 
parallel system, but I hope the author will make that clearer. 

The last point I want to mention is one which strikes me as of 
immense importance in the Thury system, and that is the possibility of 
using it for coupling alternating systems together. Mr. Highfield refers 
to that at the foot of page боо, where he says, “ Where the local supply 
is direct current there is no difficulty, but where the local supply is 
alternate current it is always difficult, and under certain circumstances 
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it is impossible. With the series system, on the other hand, there is по 
difficulty in giving any class of supply, пог in running in parallel with any 
local plant." By the Thury system a flexibility is obtained between the 
two power houses which cannot possibly be got by any arrangement with 
alternating current. If one has an alternating-current feeder between 
two power houses, and it is attempted to couple it on to the two 
alternating-current systems, those two stations are coupled rigidly 
together by that cable and its motor-generators, and I do not think 
one would dare to do it ; Mr. Highfield says it is impossible. But with 
the Thury system the flexibility of the series constant-current machines, 
enables it to be done with absolute safety, as one cannot overload the 
motor-generator on the series side. The motor slows up and will not, 
I understand, take more power than it ought to. 

Mr. J. J. Fasora : The paper is especially interesting to me because 
I have had occasion to see the system working, and during the several 


years I was in Zurich this question was a topic of much discussion. 


I refer to the Albula-Zurich scheme mentioned by Professor Карр, 
which involves the transmission of 16,300 k.w. over 85 miles between 
two points of concentrated load. Perhaps it may be of interest if I 
give the final results arrived at in this money scheme, where, after а 
prolonged study of all details influencing the question, the less favour- 
able alternatives were eliminated point by point, and finally the two 
great rival systems were compared at their best respective advantages. 
Professor Kapp has given figures showing estimated cost of the scheme 
as originally worked out, but the figures I now propose giving are very 
carefully compiled from last September's tenders, and were submitted 
to the Town Council of Zurich in the form of an exhaustive compara- 
tive report by Mr. Wagner, Director of the Zurich Electricity Works. 
For the transmission line they adopted in the 3-phase parallel system a 
voltage of 45,100, dropping to 40,000 through four sets of three con- 
ductors, each 8 mm. in diameter, spaced o'8 metre apart, and compared 
this with the direct-current series system, whereby a constant current 


of 170 amperes at 96,000 volts would be transmitted through two pairs 


of conductors 67 mm. in diameter. In each case the line loss was 
taken at r1 per cent., and two entirely separate transmission lines were 
provided, with iron or concrete posts 80 metres apart in the direct- 
current case, and 60 metres apart in the 3-phase case, the lowest wire 
hanging not less than 8 metres above the ground level. In the 3-phase 
Case five section isolating and arrester houses were provided for each 


line, interconnected in pairs; whereas in the direct-current case six: 


houses, common to both lines, were considered sufficient. Тһе exist- 
ing yearly load diagram for about 8,000 k.w. was available to base 
the probable future load diagram upon in calculating the 3-phase line 
losses. The cost of 3-phase transmission line worked out about £74,500 
higher (accounted for by 590 tons more copper, 1,100 more posts, 675 
more miles of copper, and 20,200 more insulators to erect, and four 
more section stations), but the losses in the direct-current case came 


put to 17,300,000 — 2,400,000 = 14,900,000 k.w.-hours per year higher, 
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which, even taken at as low a figure as 45d. per unit, and capitalised at 
7 per cent., represents a money value of £85,000, thus leaving a balance 
in favour of 3-phase transmission of £10,500 for the transmission line. 
The power-station comparison was made between eight 3,000-H.P. 
7,000-volt 3-phase hydraulic units, running at 600 revolutions, con- 
nected direct, without intermediate switchgear, to 3-phase transformers 
with extra high tension secondary switchgear ; and, on the other hand, 
cight 3,000-H.P. hydraulic units, each coupled to two double commu- 
tator series dynamos, giving twice 3,000 volts each at 375 revolutions, 
together with simple switchgear and the necessary insulated building. 
The direct-current series generating plant also worked out in this case 
the more expensive by £8,000 (accounted for by an extra expense on the 
3-phase side of £3,520, £1,520, £8,400, and £2,640 in connection with 
the buildings, turbo-exciters, transformers, and switchgear respectively, 
and an extra expense on the direct-current side of £2,320, £21,300, and 
£460 in connection with turbines with their automatic regulators and 
insulated couplings, dynamos, and turbo-generator for local supply 
respectively), 

The transforming sub-stations for transforming down to 6,000 volts 
3-phase, and the direct-current emergency storage plant, likewise 
worked out about £30,000 more expensive in the direct-current series 
system. The existing load consisted of a 5,200-k.w. single-phase 
lighting load, supplied from 2,000-volt cables, and distributed on the 
3-wire system at 2 X 105 volts, а 1,500-k.w. 3-phase power load 
supplied at 6,000 volts and distributed at 500 volts, and а 1,700-k.w. 
direct-current traction load supplied from 3-phase motor-generator 
sub-stations at 550 volts. About 3,500-k.w. were being taken from 
a distant supply company’s circuit. Altogether a total balance of 
£48,500 was obtained in favour of the 3-phase parallel system, although 
this figure was subsequently reduced to £30,000 by a special inquiry 
commission, who submitted revised figures оп the basis of а 5 per cent. 
line loss in the series system, which was proved to be the figure for 
highest economy with that system. Any advantage as regards higher 
security in the transmission line of the direct-current system was con- 
sidered outbalanced by lower security in the stations. Administration 
expenses, wages, and maintenance were considered as about balanced 
in the two systems. The period of highest demand coinciding with 
the season of water scarcity (December to February), constant line and 
machine losses, which absorbed more than one-third of the daily water 
supply, were practically inadmissible. Further, in the 3-phase case a 
very considerable part of the capital outlay might be postponed until 
the power demand called for it, or a favourable market opportunity 
occurred. Everything taken into account, therefore, the result of the 
comparison was in favour of the 3-phase system. This result does not 
necessarily conflict with the figures given by Mr. Highfield, as the 
3-phase system appears to be at a disadvantage, in long transmissions 
at any rate, at the comparatively low voltages of 10,000 to 20,000 volts 
taken in the paper in connection with cables. Further, I think the 
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fact that the peak of the load will only be likely to occur for two or 
three hours justifies a comparison between normally rated constant- 
current machines and 3-phase machines normally rated to give 15 to 
25 per cent. lower output, so that they could still give the overload 
during the peak period. 

I am informed that the cost of the turbines, buildings, and 3-phase 
line will actually be made up as follows: £43,080 for the electric 
equipment of the generating station, {19,200 for the hydraulic equip- 
ment of the generating station, £13,120 for buildings, £72,000 for 
the transmission line, making altogether £147,400 without the sub- 
stations. - The cost of the sub-stations has not yet been definitely fixed, 
but the figure would be of secondary importance, as it is influenced by 
the special local requirements at the distributing centre. When the 
Town Council of Zurich introduced a Bill for raising £429,400 in con- 
nection with this scheme.last June, the price of the sub-stations for the 
direct-current series system was estimated at £61,473. . 

Thury automatic gears are the best I know of their kind, but the 
results of a possible failure may be very disastrous. Constant maximum 
demand СК losses in the line and the machinery windings аге 
decidedly a great objection. Тһе seriousness of a possible interruption 
of current tends to necessitate large spare generating plant at the dis- 
tributing centres on long transmission lines. The series system 
appears to be at a disadvantage where transmission between other 
than two or three large concentrated load centres is concerned. 
Increase of the voltage, especially with large amounts of power, is 
attended by a costly increase of the number of units. Water-power 
generating plant may run at a favourable speed for series dynamos, but 
the manufacturers are still experiencing difficulties with the design of 
direct-current steam turbo-generators at low voltages, and the prospects 
of success in the direction of large high-voltage direct-current turbo- 
dynamos seem very remote. The application of the series system to 
direct individual power supply does not seem to promise much on account 
. of the insulating dangers and the comparatively high cost of machinery 
for the same maximum torque where high overload torques with constant 
speed gear are involved. [1$ not an easy matter to lay out economically 
a series system for an unknown future demand, especially when the 
voltage has to be near the upper limit to start with. The necessity for 
the immediate full capital outlay in long transmission lines is in some 
cases a serious drawback. If to this are added the prospective 
troubles arising from commutators, and, where cables are concerned, 
from electrolysis and osmosis, it may be concluded that only a most 
exhaustive comparison of the two rival systems under the particular 
conditions of each individual case can decide whether the many apparent 
merits of the direct-current series system really justify its adoption. 

Мг. Н.М. Новавт: In Figs. 2 and 3 there are some curves of 
sparking distances, with 50- сч) alternating current оп the one hand 
and direct current on the other. If for the alternating-current tests 
curve a, which gives the sparking distance between two spheres 


Mr. Fasola. 


Mr. Hobart. 


Mr. Hobart. 


522 HIGHFIELD: TRANSMISSION OF ENERGY BY [Маг. 14th, 


of 20 mm. diameter, is examined, it will be found that 40,000 volts 
corresponds to a sparking distance of 30 mm. On curve c for 
direct current it will be noticed that 59,000 volts bridge that 
distance. The ratio is thus about 14 and not 2. Taking the case of 
tests from plate to point, it will be found that with alternating 
current 5o mm. were bridged by about 28,000 volts, and with 
direct current 50 mm. were bridged with 41,000 volts when the point 
is positive and the plate is negative. Thus we again have a ratio of 
about 1:5. In other cases the ratio is 2 and more ; but it seems to me 
that it will not be safe to design insulators for other than the most 
severe conditions that are likely to occur. I do not myself consider 
that there can be much in that higher factor of 2. Much depends, in 
insulation tests, upon very many at first sight unimportant conditions, 
and I suggest that it would have been interesting if, when giving these 
tests on the presspahn and on the piece of marble, the dimensions and 
shape of the electrodes had been given, as well as various other details 
regarding the tests. One might judge from the paper that these tests 
were drawn from a large mass of such data; but inasmuch as these 
same tests on the presspahn and the marble were given considerable 
publicity three years ago, and these alone, it seems almost as if only a 
very limited amount of testing had been carried out with reference to 
this important point. If any other tests made by the advocates of this 
system are available, it would be very interesting if the author could 
publish them. The effect of the periodicity will also change this 
constant of r'5 or 2. Mr. Rayner brought this out in some tests he 
made at the National Physical Laboratory, and it may be that he has 
made still further tests regarding the matter. If the disruptive strength 
varies with the periodicity, one cannot state the ratio of the disrup- 
tive strength on direct current and on alternating current without 
further qualification. "These are tiresomc details, but they are necessary 
in leading up to a rather far-reaching point ata later stage of the paper. 
Turning to page 492 estimates will be found of the generating-station 
costs for the two systems. "These are, in the main, fairly prepared. 
Nevertheless I should have taken four 600-k.w. generators for the alter- 
nating system for the smallest station, and perhaps six of 6,000 k.w. for 
the next to the largest station, and others in proportion, instead of the 
larger numbers of smaller units set forth in the table. In that case the 
buildings, because of the less floor space necessary, would be a little 
cheaper and the generating plant as well ; the switchgear, because of the 
smaller number of circuits from generators to switchboard ; the boilers, 
because less steam would have to be supplied to the more economical 
larger plant; all these ought also to be cheaper, and the total cost 
ought to be a little less than given here. Тһе author has obtained 
the total cost for his 7,000-k.w. installation by interpolating it between 
the 2,400-, and the 14,000-k.w. plant, and has taken it at £417 per 
kilowatt for the alternating current plant. I should think it would 
be quite fair, ш view of these criticisms, to bring that figure down 
to £16. Then, in the case of the Thury system, while the large 
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high-voltage direct-current generators which it is proposed to 
use, namely, 1,000 k.w. and 2,500 k.w., and 2,500 volts and 4,000 
volts, do not seem to.me, when taken by themselves, to be in 
any sense bad engineering propositions, nevertheless it must be 
remembered that the largest generators used in any of the Thury 
systems given in the table are those installed last year. These are 
of less than 600-k.w. rated capacity. That is the very largest yet 
installed, and the next largest size is something like 400-k.w. rated 
capacity. "Therefore it is, in a sense, rather a bold proposition to 
figure on having 1,000- and 2,500-Кли. direct-current generators at 
pressures ranging from 2,500 to 4,000 volts per machine. Nevertheless 
this ought to be perfectly possible so far as relates to any difficulties 
that can be foreseen, and the more so because the author, as I am very 
glad indeed to see, suggests low-speed plant for driving the direct- 
current generators. If one must have direct-current generators 
.driven by steam turbines, the difficulties are less the higher the 
voltage ; and this is true up to rather high voltages. Nevertheless 
direct-current generators driven at steam-turbine speeds аге, in 
my opinion, abominations. In each case the author has taken twice 
as many direct-current generators as alternating-current generators. 
If it seems desirable to be governed by any plant that has yet been 
built on this system, we would have to take very many morc. Hence 
the cost of buildings ought to be a little larger ; the cost of the many 
smaller sets will be larger ; the switchgear will cost more because of 
the greater number of cables to the switchboard, and the boiler plant 
also, because each of the smaller generating sets will have a higher 
steam consumption. Hence the total cost ought to be taken a little 
higher in the case of the Thury system than the figure given in the 
paper. I have put it up £1 per kilowatt in the table on page 498. I 
have not gone into the sub-station equipment. It appears to be satis- 


“Мг. Hobart. 


factory. Тһе other item is the transmission line. Тһе 3-phase cables | 


seem all right as regards price, but I take exception to the price 
of £580 per mile for the direct-current single cable of o'1 sq. in. 
cross-section. I had to make some certain assumptions with regard to 
the thickness of insulation. There is 50,000 volts from copper to 
ground; and it did not seem unfair to the direct-current system 
to give the insulation a thickness of 25 mm. Taking the author's 
cost of copper and lead for comparison at £87 10s. and £16 15s., and 
taking £50 per ton for insulation, my cost for cables, for material alone, 
comes out at £630; and the cost of the complete cable, including 
labour and establishment charges, would be £945, which, added to the 
£900 per mile for laying, would make a total of £1,845 per mile. This, 
for 84 miles, would come to £155,000 for the transmission line.* Thus 


* No data were given in the paper which could enable me to know the thickness 
considered desirable by the exponents of this svstem for 50,000-volt underground 
cable. A sample of 50,000-volt graded cable subsequently exhibited has an insulation 
thickness of only 14 mm. from copper to lead. If the factor of safety is sufficient, and 
if the grading process does not entail much greater expense per ton of insulation, the 
author's figure for the cost of this cable is suficient. But to be consistent, he should 
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in my study of the case, instead of the values in the table on page 498, 
I obtain a final result of £53 per kilowatt instead of £47 7s. per kilowatt 
for the direct-current plant, and £54 4s. for the 3-phase plant 
instead of £55 4s. While these results only relate to a single case, it is 
significant that it bears out the conclusions arrived at in other cases 
in comparing the Thury system with the 3-phase system, as already 
shown by other speakers. I am very much in favour of emploving 
the CONSTANT POTENTIAL high-tension direct-current system (ог 
traction, but that is because there is not any good single-phase motor ; 
but the 3-phase system for generating is in every respect so very satis- 
factory that I cannot scethat any good purpose is served by substituting 
another system which is not any cheaper. 

Mr. J. T. IRwiN: I had the privilege about two years ago of 
assisting Professor Ayrton in some calculations regarding the trans- 
mission of power from the Victoria Falls to Johannesburg. It was 
found, when we came to calculate the cost, that the cost of the 
line was such a large proportion of the total cost of the plant, that 
the direct current came out much cheaper than the alternating 
current. Іп addition it was possible to allow a larger loss in the 
line on the direct-current system, as with alternating current it would 
be practically impossible to get machines to run efficiently at the 
receiving end if a large drop of voltage were allowed on the line, 
especially with asynchronous motors, where the torque is roughly as the 
square of the voltage, and one must limit the total voltage variation 
in the line. Therefore it was found much more efficient to have direct- 
current transmission from the Falls; that is, if any transmission was 
to take place from the Falls to Johannesburg the only possible com- 
mercial scheme was the direct-current series scheme. Professor Ayrton 
was aware at the time that there were a good many disadvantages in 
the direct current. There is the disadvantage of having constant losses. 
If generation is by water power these are not at all important, because 
the losses in the line do not cost anything, except that at full load the 
extra cost of generating the amount at the Falls has to be taken into 
account. In addition to that, there is the constant loss that takes place 
in the motor. When one designs an ordinary machine to run on a 
constant voltage system, if the load varies, practically constant losses 
occur in the motor, due to hysteresis, eddy current and excitation, 
but the losses in the armature depend also on the square of the current 
in the armature, and therefore the losses are only a maximum when (һе 
load is a maximum. On the other hand, when one is dealing with a 
constant-current system, and regulates the torque of the motor bv 
varying the position of the brushes, the hysteresis, eddy current, and 
excitation losses are constant, and, in addition to these, there 15 a 
constant C?R loss in the armature as well, because the current 15 
constant. This is especially important in dealing with transmission of 


take correspondingly less insulation thicknesses for the 3-phase transmission line, as 
the costs he has assigned to the 3-phase cables correspond to disproportionately great 
insulation thicknesses, even when granting the 2:1 disruptive strength ratio. 
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the kind referred to in the paper. One of the great objections to the 
house-to-house system of transmission is the constant iron losses 
which take place in the transformers. There is also a great disadvan- 
tage in the constant-current system, namely, that the maximum torque 
islimited ; the motors cannot be overloaded. Тһе motor is designed 
for so many pounds-feet of torque, and it will not give any morc 
because the limit is reached when the full strength of the field is 
attained with the brushes in the neutral or normal position. There- 
fore, in the case of a machine where it is subject to big fluctuations of 
load, the machine must be designed not for the normal torque but for 
the maximum torque, and it would be inefficient for any ordinary 
torques. With regard to transmission by а constant-current system 
through underground mains, the case is entirely different from trans- 
mission through overhead wires. It is also entirely different from 
the case where transmission is partly through overhead wires and 
partly through underground mains. That is perhaps the worst system 
of all; because in case of a storm a break may occur in the overhead 
wire, causing enormous surges of current round the circuit, and the 
generation of very high voltages. Тһе voltage of the system may easily 
exceed the normal by two or three times if the circuit is suddenly 
broken, and therefore the cables, with these very iarge voltages super- 
imposed on them, are likely to break down. The fact of the under- 
ground mains acting as condensers would aggravate this trouble. 
Although Professor Ayrton advocated the direct-current system where 
it was purely overhead, he would not advocate it for a system such 
as the author has sketched out where it is purely underground, or 
where it may be partly underground and partly overhead. 

Мг. К. A. DAWBARN : I share the appreciation of the paper that has 
generally been expressed, and I also admire the boldness of M. Thury, 
who has developed this series system practically single-handed. I take 
it that the system is essentially a long-distance transmission system. 
As such it is, of course, especially adapted for water-power schemes. 
Reference is made to generation by steam power. Long-distance 
transmission where steam is the source of power is very rarely met 
with ; long-distance transmission is almost invariably from water 
power. But taking a case where steam is the motive power, there 
is one feature of this system which I think is worthy of notice. 
Attention is called in the paper to the fact that it is a constant torque 
system, and as such it admits of the steam engine working at all loads 
under its very best economical conditions. That cannot fail to show its 
effect in reduced coal consumption—probably to a very appreciable 
extent. But, on the other hand, the С?К loss being constant gives 
away a great deal of this advantage—the amount depending upon 
the length of circuit. It is quite conceivable it might give away more 
than the advantage which is derived from the excellent conditions 
under which the steam engines work. Another point arises out of 
the engines working so economically at light load on this system, 
namely,that it is not necessary and not desirable to adopt so many 
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generating units as we are accustomed to adopt in parallel working. 
A station in which there were two running sets and one spare set 
would probably be very much more economical in working than 
one having five or six generating sets. The maintenance of the 
generating plant would also be very considerably reduced with this 
system, because the cost of upkeep is practically proportional to the 
number of revolutions and not to the output, and the number of 
revolutions per annum on variable load with this system would be very 
considerably below the number of revolutions made on a parallel 
system with constant speed in the same period. Тһе smaller number 
of generating units would also affect the attendance expenses favour- 
ably, and the capital outlay as the foundations, buildings, switch- 
boards, and all accessories would be kept down to a minimum. И 
appears to me, however, that for anything approaching a large scheme, 
with a large number of distributiag points such as are shown on the 
diagram, if those points are in themselves small the ordinary parallel 
system with static transformers would work out best. If, however, the 
loads at the distributing centres are large, one would desire to know 
what the special conditions are which prevent these large centres from 
generating economically for themselves. Ц appears to me that this 
system is best adapted for serving from one station, say, four or five 
comparatively small industrial centres, any one of which is not quite 
large enough to permit of a local station working under economical 
conditions. | 

Mr. J. S. РЕск: The author has made quite а strong case for the 
direct-current transmission system, but in many instances I think he 
has made virtues of necessities. The paper appeals to me as showing 
strongly the possibilities rather than the probabilities of that system. 

On page 474 the author says that when the neutral point of the system 
is grounded, the voltage between wires may be twice that with the 
ungrounded neutral with the same insulation strain. With this 
statement I do not agree, for when both sides of the circuit are 
insulated there should be only one-half the total voltage between 
either wire and ground, and this strain is not reduced when the neutral 
point is grounded. It is true, however, that with the neutral point 
grounded, the voltage between either wire and ground is limited to one- 
half the voltage between wires, whereas with the ungrounded neutral 
it is possible to obtain full voltage between one wire and ground in 
case the other wire is grounded. Оп the other hand, it is possible to 
operate with the latter condition, while with a grounded neutral, a 
ground on either line wire will cut out part of the system. 

But assuming that the author is correct, then the same argument 
would apply to the A.C. system, and with the neutral grounded, 
we should be able to operate with 73 per cent. greater voltage across 
the phases than with an ungrounded system. There are several 
ungrounded А.С. systems operating at 60,000 volts. Ву grounding 
the neutral, they should therefore be able to operate at 104,000 volts 
with the same insulation strain. This would appear to be a sufficiently 
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high voltage to cover any reasonable distance without excessive 
line loss. 

Granting that the direct current gives less strain on the insulation, 
that there are no capacity and inductance troubles, and therefore that 
it is easier to transmit, is there any necessity for adopting it? That is, 
have we reached the limiting distance for A.C. transmission? I refer 
now to long-distance transmission, where current will be carricd 
on overhead wires, for all very long transmissions will probably be 
operated in this manner. Limiting voltages have not been reached 
so far as the insulator is concerned ; certainly not on the transformers, 
and if we have reached limits on account of capacity and inductance at 
normal frequencies, there is no reason why we should not go to lower 
frequencies. As the frequency is reduced, the capacity and inductance 
effects are decreased proportionately, and I see no reason why то or 15 
^o should not be adopted for very long transmissions where extremely 
high voltages are required. 

It appears to me that the troubles due to capacity and inductance 
in transmission circuits are more theoretical than real, at least up to 
voltages of 60,000 and frequencies as high as 50 or бо Cy, for systems 
of this voltage and frequency are operating with complete success. 

There are several very serious drawbacks to the direct-current 
series system :— 

I. Large number of small units. 

2. The difficulty of insulating generators and motors from ground 
and from prime mover, this difficulty incrcasing with increased 
size of unit. 

3. The difficulty of providing a suitable friction coupling between 
gencrator and prime mover. 

4. Difficulty of insulating armatures and fields for very high 
voltages. 

5. Danger to attendants from shock in the event of armature or 
field insulation breaking down. 

6. Necessity for expert attendants for operating machines. 

7. Necessity for providing complete sub-station with expert attend- 
ants wherever power is to be used. 

8. The commutator. 


The last item is реграр% the most important of all, for ever since direct- 
current machines have been built, there has been more or less trouble 
with commutators, and although the commutation of D.C. machines 
has been greatly improved of recent ycars, апа we now hear much said 
about forced commutation, it is still a fact that the commutator is in 
general the weak point in D.C. machines, and while currents of a few 
amperes may be commutated successfully at high voltages, the diffi- 
culties will increase rapidly as the amount of current is increased, and 
I think that almost any practical engineer would have to be assured 
that alternating-current transmission was almost impossible before he 
would agree to instal high-voltage commutating machines of compara- 
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tively delicate construction instead of stationary armature alternate- 
current generators of the present rugged type of construction. 

Mr. LEONARD ANDREWS: The chief point on which there appears 
to be a difference of opinion is, as to whether it is possible to combine 
the principles of the 3-wire systems with the direct-current high. 
tension system. Тһе whole question turns upon the point Mr. Sparks 
drew attention to at the last meeting, that is, whether the osmotic 
attraction of moisture by the negative conductor is likely to prove a 
serious difficulty. During the past few years I have had the oppor- 
tunity of discussing cable troubles with a large number of station 
engineers, and I have been forced to the conclusion that even with 
ordinary low-tension direct-current systems this osmotic trouble is 
quite a serious one. I have heard of a number of cases where break- 
downs have been attributed to it. Only a few months ago my atten- 
tion was drawn to an interesting case where the effects of osmotic 
attraction were apparent. A number of conduits had been laid side 
by side; some of these conduits had single, positive, and negative 
rubber-covered cables drawn into them, and others were emptv. Тһе 
conduits containing the negative cables contained a large quantity of 
mud and water, which had evidently been drawn into the ducts from 
the draw-in boxes. It is, I think, conclusive proof that the moisture 
and dirt had been drawn in by osmotic attraction, as the ducts con- 
taining the positive cables and the empty ducts were as dry and clean 
as the day they were laid. It was also noticeable that similar ducts 
containing lead-covered, single negative cables were perfectly clean 
and dry. None of the various electrical text-books that have been 
written appear to give any very clear explanation of the theory of 
osmotic attraction by the negative conductor, unless it is explained 
by the experiments described in Lord Armstrong's book оп 
* Electric Movement in Air and Water." И this can be considered 
an explanation, it would appear that the effect is screened by a 
metallic shield round the conductor, and this would account for the 
effect being noticeable with rubber-covered cables and apparently 
entirely obviated by the use of lead-covered cables. This appears to be 
a subject that we ought to know more about, and I would like to suggest 
that it would be an interesting topic for a paper before this Institution. 
Mr. Bailey has told us that he has had direct-current cables working at 
a pressure of 3,000 volts, and that he has not experienced any trouble 
from this cause. I should like to ask Mr. Bailey if the cables he refers 
to were lead covered, and whether they were single cables, ог con- 
centric, or multiple cables. 

А reference has been made to the author's suggestion that it is 
a mistake in connection with parallel systems to use heavy fly wheels 
on the generators. И appears to me that one reason why flywheels 
in this position are necessary is to prevent the heavy surging of the 
current between the generators that invariably occurs, both on alter- 
nating- and direct-current systems, when a short circuit occurs on the 
fecders or distributing systems ; and if the fly-whecls are abolished on 


” 


1907. | DIRECT CURRENT: DISCUSSION. 529 


the generators, one would certainly expect that this surging would be 
very much more disastrous. 

On page 498 the author refers to the high proportion of the cost of 
the ducts and trench work, compared with the cost of the cables in the 
series system. I see in the tables he estimates the cost of ducts and 
trench work at £900 per mile, that is to say, something over Ios. per 
yard. This appears to me to be abnormally high for trenchwork, 
&c.,in districts where the series system is likely to be used, viz., in 
comparatively open country districts. Mr. Watson, Borough Elec- 
trical Engineer, of Bury, in a paper he read before the Manchester 
Section of the Institution, gives the cost of a good three-way duct 
laid in concrete as being £513 per mile. This price includes 
25. per yard for excavating and reinstatement, and approximately 
15. 4d. per duct-yard to cover cost of handling, carting, laying, 
and concrete, making a total cost of 3s. 4d. per yard for single-way 
duct. Whilst this estimate is, I should think, on the low side, I 
should have expected, from my own experience in laying conduits in 
country districts, that the cost would not have exceeded 4s. per duct- 
yard. It would, of course, be very much more in or near very large 
towns. This point appears to me important, because it will be seen 
from Table VIII. that the cost of conduits and trenching in some cases 
amounts to more than twice that of cables, and the whole question of 
the advantages or otherwise of the high-tension direct-current system 
compared with alternating-current systems appears to turn on the 
relative capital cost. 

The author has referred on page 484 to the simplicity of the Thury 
system, which is certainly very marked, particularly as regards switch- 
ing generators and motors іп and out of circuit. He adds that “the 
system does not lend itself to a large number of automatic contri- 
vances, such as are generally used in parallel systems," but it appears 
to me that there are quite a large number of automatic devices used in 
connection with it. Take, for instance, those Mr. Highfield refers to. 
We first have the device for short-circuiting the generator should the 
direction of rotation become reversed. Then we have the automatic 
slipping couplings, and the automatic regulators for regulating the 
speed of the generator, or the position of the brushes, and it must be 
remembered that this last device has to be applied to the motor as 
well as to the generators ; and finally, it is, I believe, usual to use a 
device which is not referred to in the paper for short-circuiting the 
line in the event of an open circuit, the object of this being to 
prevent the abnormal rise of pressure that would otherwise occur. 
I should have thought that these appliances provided sufficient scope 
for the most enthusiastic believer in automatic devices, and they are 
certainly far more likely to give trouble than the simple automatic 
devices used in connection with parallel systems, which, if properly 
constructed, can be guaranteed always to operate in the way intended. 

Mr. А. RUSSELL : At this late hour I shall merely refer to one point 
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materials break down more readily with alternating than with direct 
pressures of the same maximum value. Several experimenters have 
obtained similar results for cables. A pressure of 10,000 volts alter- 
nating is sometimes more effective in breaking down cables than 
20,000 volts direct. The reason I consider to be that in the cables 
used in practice the dielectric is not isotropic. It is formed of various 
layers of insulating wrappings, and the potential differences across 
these layers are not necessarily in phase with one another; and hence 
the algebraical sum of all the potential diffcrences is sometimes greater 
than the potential difference between the two outside ones. If a non- 
inductive resistance, for instance, be put in series with a condenser, 
the sum of the two potential differences may be about до per cent. 
greater than the potential difference applied across the terminals. By 
taking the resistivity and the dielectric coefficients of the various 
insulating wrappings into account, I find that in some cases the 
potential differences across the various layers of the dielectric are 
not in phase with one another, and therefore the ratio of the dis- 
ruptive pressures for direct and alternating voltages, instead of being 
the ratio of the maximum to the effective value of the applied P.D., 
can somctimes be appreciably higher. 

(Communicated): It is now generally admitted that the insulating 
medium at a point breaks down the moment the electric stress at 
that point attains a definite value depending on the physical con- 
dition of the medium. Whether a disruptive discharge ensues or 
not depends on whether the breaking down of the medium at the 
point raises the pressures at other points to their breaking-down 
values. By considering the experimental results obtained by Kelvin, 
Carey Foster, Heydweiller, Steinmetz, Thury, etc. (see Phil. Mag. [6], 
vol. 11, р. 259, 1906), I have shown that the breaking-down voltage for 
air is determined merely by the maximum value of the clectric stress 
(3:8 k.v. per millimetre under normal conditions). It is the same—at 
least for frequencies not greater than 125—for alternating as for direct 
pressures. 

M. Thury’s experimental curves B and D, shown by Mr. Hightield 
in Fig. 3, are in apparent contradiction with this result. From these 
curves it appears that when the pointed electrode is negative we 
require a greater voltage between the electrodes than when it is 
positive. It would not be safe, however,:to draw this conclusion. 
The maximum electric stress between two electrodes does not depend 
merely on the difference of potential between them. It depends in a 
very special manner on the absolute values of the potentials. If in onc 
case the plate were +V,, and the pointed electrode —V,, it would be 
exceedingly difficult to arrange so that the plate was —V, and the point 
+ У, іп the other case. Yet it is only under these conditions that we 
would be justified in inferring that the breakdown occurs more readily 
when the pointed electrode is positive. With pointed electrodes also 
the air in the immediate neighbourhood of the points is broken down 
(ionised) before the disruptive discharge takes place, and hence the 
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time element. introduces uncertainty into the experiment, and the 
calculation of the stress is exceedingly difficult, if not impossible. In 
actual cables and in sheets of various insulating materials the diclectric 
is similar to Maxwell's composite dielectric. Several engineers have 
accidentally found by painful experience that the phenomena of leak- 
аре and residual discharge are strongly marked in high-tension cables. 
These cables often give dangerous shocks after they have been dis- 
charged and left isolated for many hours. When considering the 
disruptive voltages of cables, therefore, it is only permissible to neglect 
the resistivity of the insulating wrappings in certain special cases. 1 
is not difficult to see that a cable which is suitable for high direct 
voltage work may be unsuitable for high alternating voltages and vice 
versi. Тһе electric stresses to which the wrappings are subjected іп 
the two cases may be quite different. The experience of several cable 
manufacturers is that the high voltage cables which they make at the 
present time will withstand direct voltages at least twice as great as 
the effective value of the disruptive alternating voltages. 

Mr. Highfield gives an impartial summing up of the relative 
advantages of direct- and alternating-current systems of power trans- 
mission. It is exceedingly difficult, however, to deduce general con- 
clusions without knowing the nature of the load. If the load were 
almost constant, then, up to certain distances, an alternating-current 
series system would have advantages. The management of a row of 
series static transformers would be preferable to standing charged 
to a high potential on an insulated platform and gradually growing 
callous to the static discharges from the machines. ` 

I think Mr. Highfield's method of earthing cables by boring to a 
good conducting stratum well worth consideration. In certain cases 
it might lead to great economies. The “bonding” of geological strata 
may be an important engineering operation in the future. 

THE CHAIRMAN (Мг. W. М. Mordey): I am sure you would like to 
hear the opinion of Mr. Guido Semenza whom we had the pleasure 
of secing among us last year in company with other members of the 
Italian Electro-Technical Association. He has, as you know, had a 
large experience of electrical engineering in very important positions 
іп Italy. I was corresponding with him on this subject last autumn, 
and he wrote to me from Milan on October 13th, a letter, the important 
part of which I will now read :—* 


Mr. Guipo SEMENZA (extract of letter communicated by the Chair- 
man): “ Direct current has many advantages for long-distance trans- 
mission, the principal being as follows :— 

(a) Simplicity of lines, as there is no necessity or reason to use 
more than four wires for a transmission (only two wires do not secure 
sufficient continuity of working). 

(b) Possibility of insulation with very high tension, as wires can be 

* Since then Mr. Semenza has informed me that he thinks the direct-current 


system should be compared with alternating-curreut system only for very heavy 
transmissions, say over IOO miles, 
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placed as much apart from one another as опе thinks best, while with 
3-phase current wires cannot be placed very far from one another on 
account of self-induction, thus :— 

(c) Possibility of reaching much higher tensions than with 3-phase 
currents. 

(4) Absolute independence of the question of parallel running. 

When the transmission distance is very considerable the parallel 
working of the alternators on the two ends 1$ not sure. 

(е) Absolute independence of voltage regulation. 

(f) Possibility of using cables for higher tensions in direct-current 
than in alternating-current transmissions, as it appears from recent 
researches. 

On the other hand, we have the following drawbacks :— 

(ә) Necessity of using small generating units. 

(^) Direct-current high-tension generator with all its incon- 
veniences. 

(k) Necessity of rotary transformers for every application. 

Finally we have some unknown points to consider, namely :— 

(1) Behaviour of such lines under atmospheric disturbances. 

(m) Behaviour of such lines under instantaneous variation of 
current. 

In conclusion, I believe it is worth while studying the question very 
carefully, especially the transmission by direct current being so much 
cheaper." 


Мг. А. W. HEAVISIDE (communicated): Though I may be repeating 
common knowledge I am tempted to observe that on page 482 
it is stated that in M. Thury's experience “по disturbances were 
apparent in either the telephone or the telegraph services." Аз every 
one is aware, such a thing as a steady current from a mechanically 
driven plant does not exist, there is always a ripple caused by the 
brushes collecting from the moving commutator segments ; however, 
as the undulations are very slight as compared with those from alterna- 
ting plant in general, the inductive disturbances to double telephone 
and single telegraph circuits from direct-current plant are not serious. 
But when sensitive telegraphic recorders are used, as, for instance, 
Lord Kelvin's syphon recorder, or the Danish modification of that 
beautiful apparatus, called the undulator, they respond to most of the 
vagrant clectrical impulses in the environment of their circuits. 
Especially so if the impulses arise from tramway circuits with a 
potential drop of 7 per cent., or a railway service with a drop of, say, 
20 per cent. How sensitive the undulator is will be apparent if I quote 
from an actual test. An undulator will record graphically the presence 
of a current through its coils on a paper tape of the value of о'0000428 
of an ampere, or stated on a telegraphic basis, that is the milliampere, 
0'0428, or the twenty-third part of a milliampere, at a speed of about 
so undulations per second. And Lord Kelvin's syphon recorder is 
very much more sensitive. 
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On the introduction of electric tramways in Newcastle and Gates- 
head some years ago I joined up spare telegraph wires in iron pipes 
under the pavement parallel with each rail of the tramway service, the 
ends being brought into my office, where they were joined up at will 
either to the syphon recorder or the undulator. In addition, means 
were taken for measuring the voltage and current either from earth 
leakages or parallel induction. In one case leakage currents into a 
very short telegraph circuit varied from o to 400 milliamperes, with a 
voltage from o to 6:5 volts. As there are many electrical activities in 
the neighbourhood of Newcastle, to ensure that what we were measuring 
was leakage or induction from the tramways, it was necessary to take 
special tests as well as general observations : hence trial runs of electric 
cars were arranged for on Sundays, or after midnight in the small 
hours, when most, if not all, other services were shut down. 

Summarising the Resulis.—The acceleration or retardation of the 
speed of the cars was recorded on the paper tape asa kick or a series 
of kicks governed by the number and abruptness of the steps in the 
controller resistance, the marks on the paper being either above or 
below the zero line. Starting, above ; and stopping, below. I submit 
herewith a scale drawing of a concrete case derived from an undulator 
record in which the start and the stop is clearly recorded. I also 
submit the actual tape record of disturbances responded to by a syphon 
recorder. 

Of course, all this led to some apprehension as to what would 
happen when the N.E. Railway was electrificd on the north bank of 
the River Tyne with a suggested potential drop of, say, 20 per cent. 

In further investigation of the tramway case I resorted to an ex- 
ploring device which I first used in 1880. I took a coil of insulated 
wire wound on a triangular frame about 5 ft. high with a telephone in 
circuit and placed it in the space between the up and down rails on the 
Gosforth section of the Newcastle Tramways. Оп listening one could 
hear (1) the 9o revolutions of the power-house engines ; (2) the steady 
note of the ripple over the commutator bars ; (3) the whistle of the car 
motors rising shrilly as the car speeded up; (4) the starting and 
stopping of the cars ; and (5) the sparking as the trolly wheel passed 
cach post. To the expert telephone user these sounds can be easily 
differentiated. When the М.Е. Tynemouth branches were electrically 
driven, I proceeded to Benton and placed this triangle detector above 
the railway on the road bridge parallel with the rails, say 20 ft. above 
the railway. On listening the usual sounds were faintly heard, the 
whistling of the motors predominating. 

Of course, the question arose as to how much was conduction and 
how much was induction. In order to set doubts at rest more than 
anything else, I placed an insulated circuit, roughly in the form ot a 
square, spread over the adjoining fields with one side lying in the 
gutter of the railway, approximately a mile in length (4 miles in all). 
Into this circuit was joined in turn the telephone, the syphon recorder, 
and the undulator, and the disturbances were recorded with more ог 
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less distinctness, as might be expected. Тһе М.Е. system is one where 
no special return rail is used, hence the electromagnetic external field 
is a wide one. Making some kindred experiments alongside the 
District Railway at Ealing, where a special return rail is used, the 
range of the external field is so reduced as to be nearly negligible as 
an interfering agent. 

In the Newcastle case the practical result of the interference was 
such that it has been necessary to double the wiring of an important 
telegraph circuit that was carried on poles for a few miles parallel with 
the railway on an adjoining road. 

Of the merits and simplicity of a direct-current high.potential 
sequence system advocated by Mr. Highfield, from my point of view 
there can be no question.: It has its parallel in an arc-lighting service. 
Even the automatic devices may be arranged (о assist іп choking 
violences, and the insulators form a distributed leak of value in such a 
case. And asregards the high potentials, the danger is not greater 
than with any potential that will kill. It is as it is with an express 
train or a slow train, with either onc or the other if any one gets in the 
way he will be killed; so it is with high electrical potentials or extra 
high ones, with this difference that in the express train case those within 
the train are in greater danger than those in a slow train. 

But returning to the interference problem. It is quite evident that 
telegraph and telephone circuits are, and will be, interfered with, and 
I am sure that at the present time that telegraph engineers and linemen 
in some cases suffer from the sins of others when blamed for imperfect 
maintenance of their lines. For consider the gauntlet a telegraphic 
signal has to face in passing from London to Aberdeen, etc.—a terrible 
ordeal ! 

In my first paragraph I refer to double telephone circuits not being 
free from disturbance by external fields. "This is so, if the voltage and 
the frequency of the primary are only increased sufficiently and slight 
errors in the symmetry of the telephone circuit, either in the Hughes 
twisted line wires or in the balance of the circuit are made apparent by 
noises in the telephone which interfere with spcech. 

Mr. M. J. E. TiLNEY (communicaled) : There is one point in con- 
nection with Mr. Highfield’s paper that does not appear to have been 
touched on by any of the speakers, and that is the fact that under 
certain circumstances the curves of “sparking distance," as given 


in Figs. 2 and 3, may lead to erroneous conclusions if any one should . 
mistake them for “агсіпр distances." Ву this I mean that although : 
the sparking distance for a given voltage is much greater in the case of | 
A.C. than it is for D.C., the distance across which a given D.C. voltage : 
will kold an arc is much greater than the distance across which the. 


corresponding А.С. voltage will maintain an arc. Some recent experi- 
ments show that an arrester that will quite easily discharge a surge on 
5,000 volts A.C. will hold an arc, when it is once started, on 500 volts 
D.C. It will, I think, therefore be of great interest if Mr. Highheld 
can give us particulars of the type of arrester M. Thury has adopted. 


1907.) DIRECT CURRENT: DISCUSSION. 537 


This question, it seems to mc, will also have a very considerable effect 
on the design of overhead mains equipment. 

In the photograph, Fig. 4, in the paper, the wires for this 27,000-volt 
transmission look rather unduly close to one another, to say nothing 
of the pole, and assuming an arc were once started I should expect 
some difficulty in its extinction. 

I think perhaps rather too much stress has been laid on the effect 
of surges by some of the speakers, due to the fact that they have been 
drawing conclusions from existing high-tension D.C. systems with 
shunt-wound generators. The surges in these cases appear to be 
entirely caused by rushes of current, and in the system, as Mr. Highfield 
describes it, there would seem to be very little chance of such rushes 
taking place. There would therefore be very little to cause a surge 
except in the case of a break in the circuit, which is, I understand, 
provided for by an automatic short-circuiting device. 

I should like to mention that I do not think Professor Kapp need 
fear that British manufacturers are behindhand in the construction of 
high-tension D.C. machinery. As an illustration of what was possible 
over two years ago, before the use of commutating poles came into 
practice, I may say that at an official test of a 200-k.w. set for use at 
2,650 volts D.C. which I witnessed at the maker's works, the switch, 
owing to a mistake on the part of an assistant, was closed on a dead 
short-circuit, with the machine up to speed and fully excited indepen- 
dently. "Though the switch did not look very healthy afterwards, we 
did not touch either commutator or brushes but took the six hours' test, 
and at the end of the test switched off full load without any sign of 
sparking on the machine, although owing to bad governing the machine 
volts rose to something over 3,800. 

Mr. PERCY R. ALLEN (communicated) : The Thury system will be at 
once recognised as an amplification of the old Brush-series system with 
motor-generators substituted for arc lamps, and as a matter of fact 
more than twenty years ago belt-driven machines of the Brush and 
Wood type were sometimes operated in series by being placed on 
insulated wooden platforms, the regulation in the Wood machines 
being obtained by shifting the brushes, and in the Brush machines 
by having a variable shunt across their terminals. Of course these 
early experiments in no way detract from the credit due to M. Thury 
for the ingenuity he has shown in developing what is practically a new 
system of long-distance transmission. Тһе author in his paper makes 
а specific comparison between the Thury system and an alternating 
one, over an area where the sub-stations are fairly close together and 
where the power is apparently generated at one central station on the 
edge of the area, and the calculations he bases thereon are of consider- 
able value, as the conditions given are those that would most likely 
be met with in practice. However, there are other cases where 
this system would seem to have distinct advantages. The ease with 
which several generator stations can be placed in series on one ring 
with the sub-stations to absorb the power placed anywhere on the 
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same circuit renders it an exceedingly convenient method of collect- 
ing power from a number of sources, transmitting it a long distance, 
and then distributing it through a group of sub-stations. 

The suggestion that power from blast furnaces and coke ovens in 
the Midlands should be utilised and transmitted to London has been 
frequently proposed, but so far no accurate estimates appear to have 
been got out in connection with the matter. The modern gas engine 
in units up to 3,000 H.P. and worked off blast.furnace gas is a 
perfectly reliable generator, and in many of the iron and steel works 
on the Continent the furnaces are blown entirely by gas engines 
without any reserve in the way of steam power. Тһе new steel works 
of the Deutscher- Kaiser Company will depend entirely on blast-furnace 
gas, 48,000 H.P. being provided by 24 gas engines of 2,000 H.P. each, 
12 for blowing and 12 for the generation of electricity, and a very 
brief visit to the Continent will convince anybody that there 
need be absolutely no hesitation in using gas engines to supply 
power in bulk. 

With regard to the possibilities of supplying London, it will be 
found that by following very closely the Midland Railway only as far 
as Glendon we get into a group of 20 furnaces in Northamptonshire, 
of which 12 were in blast at the end of last year, and after supplying 
sufficient gas to heat the stoves and blow the furnaces and the 
general work, which the French term “ the service of the furnace,” this 
group would have 30,000 Н.Р. continuously to dispose of. By going 
about 35 miles further the Nottingham and Leicester furnaces are 
touched. "There are 7 of these, 5 of which were in blast at the end of 
the year, giving under similar conditions about 12,000 H.P. Going 
further North one gets into the Derbyshire district, and between 
Derby and Sheffield there are 44 furnaces, 38 being in blast, corre- 
sponding to 96,000 Н.Р. If a detour was made from Sheffield of a few 
miles into Lincolnshire a further 35,000 H.P. could be obtained from 
the Frodingham group, 14 of which were in blast. In the South and 
West Yorkshire group, between Leeds and Rotherham, still in close 
proximity to the Midland Railway, there are 25 furnaces in this district, 
of which 16 are in blast giving 40,000 H.P., making 213,000 H.P. in all 
which could be picked up. 

Following the North-Western Railway into the Midlands there are 
in South Staffordshire and Worcestershire 33 furnaces, of which 1g are 
in blast, which would supply 48,000 H.P. In Shropshire 3 are in blast 
which would supply 7,000 H.P., and in North Staffordshire 16 were in 
blast out of 32, capable of supplying 40,000 H.P., so these three groups 
would supply 95,000 H.P., but the transmission line would be of a 
more sinuous nature. It must be understood that these figures may 
not be quite correct for the individual groups, but they have been 
pretty well verified as to the total power available. It would be 
exceedingly interesting to see whether the Thury system of trans- 
mission would enable this power to be collected and delivered at a 
payable price in London. 3,000 k.w. can be put down even in small 
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units, inclusive of continuous-current generators and gas engines, for 
the sum of £10 per kilowatt. То this must be added the cost of the gas- 
cleaning plant, compressed air arrangement for starting, cooling water 
arrangements, engine house and overhead traveller and switchgear. 
The extreme simplicity of the Thury switching arrangements renders 
the expenditure under this head a small item. It should be borne in 
mind that the gas producer already exists in the form of the blast 
furnace, and the generating plant is strictly limited to the engines and 
the dynamos.  Boilers, economisers, coal-handling plant, and con- 
‚Чепзег$ are absolutely done away with. In the two routes already 
referred to a considerable amount of power is becoming available by 
the more general introduction of recovery coke ovens, but there are no 
statistics at present as to how much of this can be relied upon. 

The possibilities of a transmission scheme of this sort obviously 
depend very largely upon the cost of the cable, and having in view the 
fact that continuous current of a constant value has a negligible dis- 
turbing effect on surrounding wires, it seems possible that satisfactory 
arrangements might be made with the railway companies to run naked 
overhead conductors on either side of their track, at all events along 
the straight runs in the country districts. These would also form a 
convenient means of supplying sub-stations for the clectrified portions 
of the railway. The possibility of being able to use the earth to 
cut out a faulty piece of line is a feature of the Thury system 
which removes the objection that is sometimes heard against 
the supply of power in bulk from a distance, as it prevents any 
lengthened interruption to the supply owing to a temporary break- 
down, and, moreover, the system has the advantages that as the 
machines are simply worked in series with one another any accident 
to an individual generator is very unlikely seriously to affect the other 
units, The faulty machine is simply cut out and the remainder speeded 
up or a spare machine put іп. Of course, the idea of feeding a power- 
supply system from a number of sources is not a new one, but it is 
hardly realised in this country how far small power houses over a 
scattered district can be linked up. The Rhenish-Wesphalia Com- 
pany, which has been exceedingly successful commercially, operates 
over a series of circuits more than боо miles long, and besides 
the two main power stations at Essen and Hoerde purchases power 
from a number of blast furnaces and coke ovens in the, district, and 
feeds this into the general system, the price paid being somewhere 
about one-third of a penny per kilowatt-hour. 

In analysing the comparative costs of the Thury system with a 
3-phase, it night have been mentioned that before the transmission line 
from St. Maurice to Lausanne was decided on an independent com- 
mittee of five experts was appointed to go into the matter. The scheme 
involved transmitting 5,000 Н.Р. thirty-five miles, there being two sub- 
stations on thc way. The committee, after very carefully going into 
all points, came to the conclusion that the cost of an installation on the 
3-рһаве system would be. £324,200, and the cost of the continuous- 
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current arrangement оп the Thury system £294,600, showing a saving 
of £29,600 on the complete installation. 

The projected transmission line between the Falls of the Rhone 
and Paris is intended to be worked on the Thury system, and it will be 
exceedingly interesting to compare the cost of erection and operation of 
this line with the one that will be built on the 3-phase system between 
the Victoria Falls and the Rand. Тһе system is already in use in 
Switzerland, Italy, Spain, France, and Russia, and it is to be hoped that 


а trial will soon be given to it in this country. 


For the purposes of distribution over a compact dense area it does 
not appear to offer any advantages over a 3-phase network, but where 
a number of isolated power houses can be linked up to give a common 
supplyit certainly does appear to offer many advantages, and the facilities 
which it gives for the use of large gas engines coupled direct to con- 
tinuous-current machines will certainly cause it to be studied with 
interest by engineers who have projects in haud for gas-driven 
generating stations, 

Mr. J. S. HIGHFIELD (in reply): I would like to deal with the point 
that was first raised, I think, by Mr. Sparks, namely, the difficulty in 
connection with the phenomenon of osmosis. І first heard of the 
matter when I was at King's College as an assistant to Dr. John 
Hopkinson, and I think he first noticed it in the underground main 
system at Manchester, consisting of bare copper conductors and stone- 
ware ducts. He carried out a large series of experiments on the 
whole question, on which I must not occupy your time by saying тегу 
much; but, shortly, we found that when there was a conducting path 
from pole to pole, then any moisture was transferred from the positive 
to the negative pole under certain forces, varying with the pressure 
and the nature of the connecting link and so on ; but as long as there 
was no conducting path between the two conductors, then osmotic 
pressure was not exercised and there was no difficulty. In my own 
experience with underground net works the trouble with moisture 
occurs in the connecting boxes. It is quite certain that an under- 
ground low-tension net work, working with alternating current, does 
not give quite so much trouble in the joint boxes as in the case of 
direct current; but at the same time there is next to no difficulty with 
direct current, and therefore the matter is hardly worth speaking 
further about. 

Then with regard to M. Thury's tests, it was impossible in the 
space of my paper to do justice to the data at my disposal. АП I had 
space for was just the few simple tests I have set forth. When I stated 
that the effect of alternating current was 2$ times the effect of direct 
current, I meant that was the general conclusion M. Thury told me he 
had come to. If I am able I will add something further on that 
subject. 

With regard to the possibility of carrying the direct current on the 
cable systems, it is actually so carried to-day 6 miles, the last part of 
the journey from Moutier to Lyon ; that is to say, there are about 96 
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miles overhead and the rest is underground, and a sample of the М 


cable is exhibited on the table. Before this underground system was 
adopted, very many tests were made to ascertain if there were any 
unexpected difficulties to be met, and up to this time no difficulties 
have been encountered. I should remind you that for years, that 
is to say ever since the system was started, the cable used in connect- 
ing the machine together in the power-houses has been under the full 
direct current.pressure. All the work has been done with underground 
cables. I would call vour attention to this sample, one of the Moutier 
insulators, which is designed for working at 60,000 volts. I should 
also sav, in connection with the St. Maurice-Lausanne transmission 
line, that there have been a good many difficulties through trees and 
snow falling on the wire, and also, of course, through lightning. 
lt is a most important transmission, because both the tramways 
and the lighting of the whole town of Lausanne depend on that 
line, simply two conductors. I do not say it has been decided, but I 
believe that so soon as they have sufficient money the whole of {һе 
line will be put underground. 

One of the most important points I wanted to bring forward in the 
paper was the fact that this direct-current system gives us the means 
of going long distances underground, which we cannot possibly do 
with 3-phase currents. That was the first point I wished to bring 
before you. 

It will be seen from the tables that the whole cost of the system 
depends on the generating station, the sub-station, and the line. In the 
сазе of the direct current, it may be taken that the cost of the generat- 
ing station, in considering turbo-generators, that is to say steam turbine 
driven sets, is greater than the cost of the alternate current station, 
and therefore the determining factor is the cost of the line. Соп- 
sequently when the line, as is the case with underground trans- 
mission, bears a very high proportion to the cost of the whole 
installation, it follows that the limit is very much higher than it is 
in the case of overhead work, where the cost of the line is a 
much smaller proportion of the whole. As a matter of fact, I got 
out figures for overhead work, with the idea of preparing corre. 
sponding tables for overhead work similar to those which I have 
prepared for underground work. But it is very difficult to make a 
general comparison between two lines overhead, that is to say, the 
direct-current and the alternating-current line overhead. Another 
thing was that the cost of the whole line was a smallish proportion of 
the cost of the whole installation—(I am speaking of distances inside 
50 miles)—and therefore there was not very much money argument in 
the proposition. 

Then I want to say a word or two about the constant loss, to which 
many references have been made. First of all I want to suggest a 
method of arriving at the value of the loss. I think the simplest 
way to adopt is to take the cost of the cable system or transmission 
system, and add to the cost of that system the cost of thc plant 
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required to force the energy into it. In a parallel system it is the cost 
of the plant required at full load. Add to the annual interest on these 
amounts the annual cost of the lost energy, and then deal with the 
transmission as though it worked at 1oo per cent. efficiency. With 
regard to the cost of the line loss, reference was made to the use of the 
house transformer system. In the last four years I have had to clear 
out a large part of a house transformer system, and to substitute for it 
the ordinary low-tension sub-station method of working. И you calcu. 
late the efficiency of the house transformer system, you find you have 
to make something like 175 units for every 100 units that you scll ; and 
if you work out that the 75 units cost you 2d. each, and you capitalise 
that, it is then clear that a large sum of money may be spent on 
changing the system. The cost of the energy on тоо per cent. 
load factor is, however, exceedingly small, far less than is generally 
supposed; it is usually wholly represented by a small addition to the 
coal bill. I wish also to remind you again that the series system can 
run at an overload, or, at any rate, if you please to look at it that way, 
the efficiency of the line may be improved when all the sub-stations 
are under the control of one operating body by reducing the current 
when the load is light; ог, if *you like to look at it the other way, by 
increasing it when the load is heavy. If you simply have two series 
machines, a motor and a generator, there,is nothing to prevent both 
the machines being run at the ordinary 25 per cent. overload just 
as though they were parallel working machines. 

Mr. Bailey referred to the work M. Thury has done. I have 
inserted one or two paragraphs in my paper on that subject, but I 
put them as shortly as possible. I quite agree, however, with what 
Mr. Bailey said about the marvellous ability that has been displayed 
by one man in working out the whole of the details of a system of this 
kind, and carrying it out quite by himself, with no assistance except 
the ordinary people in the works. 

Several speakers criticised the tables of the cost of the plant. 
I had enormous difficulty in getting any figures at all, especially 
in getting them checked. I looked up books, quotations, and 
tenders ; and, so far as I could see, there is no law at all as to wbat a 
British manufacturer charges for plant. The prices here could be 
reduced by 50 per cent. if I had taken certain figures ; and the only 
result I could come to was that they do not know themselves what 
the cost of the plant is that they are selling—and if you look at some 
of the balance sheets I am bound to say they prove my contention. 
All I could do was, in order not to mislead myself (because these 
fipures were prepared while I was considering a scheme to be 
actually carried out), to take what I fairly thought was about the 
price that I might expect to pay for plant two or three years hence, 
when the manufacturers have come to their senses. Although I, as a 
buyer, greatly rejoice at buying cheap plant in this way, as one 
taking a kindly interest in British manufacture I very much hope to 
see the prices go up. 
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Mr. Peck referred to the difficulties of insulating the bedplates 
and the couplings, to which Professor Kapp also referred. There 
is no question that the insulating of the coupling wants a good 
deal of designing when we come to large units. What M. Thury has 
done is this: when he has met a difficulty he has faced it, and gone 
one better than he had gone before. He has just kept up with the 
requirements of the particular system he has put down; he has gone 
just as far as is required with these schemes ; but I have not the least 
doubt that, if you took him by steps up to 5,000-k.w. machines, he will 
make an insulating coupling that will work successfully ; and I am equally 
certain that many other men can do the same thing. With regard to 
insulating the holding-down bolts, there are a good many other 
methods which may be used instead of the little pot insulators shown 
in the drawing. Тһе insulators seem to work quite well, but, at 
the same time, it is an easy matter to design something a good deal 
better. Тһе man must be protected, and it does not scem to be 
an insuperable difficulty to insulate him properly. 

With regard to the commutator difficulty, I do not think a large 
low-tension D.C. traction generator gives very much difficulty. I have 
seen most of M. Thury's machines of various ages running ; some 
have run ten or eleven years without any difficulty, and I think 
the high-tension direct-current machine will work just as well as 
the low-tension direct-current machine. 

I thank you very much for the kind attention you have given to this 
paper; and, if you will allow me, I would like to say one word more, 
namely, that I am sure we all feel extremely honoured that Lord Kelvin 
has favoured our meeting with his presence. We all heard with great 
delight what Бе had to say on the direct-current system, and I think 
that by his presence alone here he teaches us a very much greater 
lesson than anything he can say technically, a lesson in magnificent 
constancy of purpose which we can all do our best to learn. 

Communicated : Several speakers referred to the fact that large rises 
of pressure took place on direct-current circuits. Clearly it must be 
the case that any sudden alteration to the current in a closed circuit 
must lead to corresponding variations in pressure, and under similar 
conditions the rise in pressure will be as severe as in any other circuit 
carrying current. 

Тһе great distinction between the series system and the ordinary 
parallel systems is that in the ordinary everyday operations of switch- 
ing nothing is done in connection with the former system that is likely 
io cause these sudden variations, whereas in parallel alternating work 
every time a machine is started up or shut down some degree of 
pressure rise will be caused, and a small fault on the part of the 
attendant may lead to serious trouble. 

Several speakers also referred to the different effects of alternate 
and direct current on insulation, particularly іп connection with 
underground cables. M. Thury carried out a large number of tests 
by taking different makes of cables and dividing them into two, 
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testing one half on alternating current and one half on direct current. 
An immediate difficulty was, however, experienced, owing to the 
fact that with direct-current pressures up to something less than 
100,000 volts it was found impossible to break down almost every class 
of paper cable where the thickness of the di-electric exceeded 2 mm. 
As I have explained, the tests were made with a special machine 
having a smooth core rotor, as it was found that when tests were made 
by taking energy from the ordinary town supply with several machines 
in parallel, the ratio between alternate and direct current was very 
much greater than 2 to 1—in fact, the ratio in some cases rose as high 
as IO to 1; consequently it was found necessary to use a special 
machine. There also appears to be a tendency for the ratio between 
alternate and direct current to increase with increases in the pressurc. 

Mr. Fasola's data with regard to the Zurich installation are of 
particular interest. Taking his figures as they stand they show ап 
advantage in 3-phase working. In the Zurich case, however, thc 
line loss appears to be taken at altogether too high a figure, and by 
taking advantage of the possibility of reducing the current at times of 
light load probably the figures would be considerably altered. It is 
impossible within the limits of such a discussion to handle a special 
case of so great importance as the Zurich system, and, therefore, I do 
not propose to say any more on this matter, except to point to the fact 
that the 3-phase system in this case requires three times the total length 
of conductor and 20,000 more insulators than the direct-current system ; 
and, further, a short circuit on the alternate system affects the whole 
of the plant, which is not the case with the scries system. Also, the 
difficulties due to lightning are much less with direct current than with 
alternate current. Therefore it would seem that the reliability of 
service of the direct-currrent system in such a case is greater than the 
reliability of the alternate-current system. 

The question of grounding the direct-current system is one of some 
difficulty, and my own impression is that when possible it is very much 
better to work with a completely insulated system, as in this way one 
ground will cause no trouble. 

Mr. Semenza's communication scems to me to summarise the case 
for and against the series system in a most admirable way. One of the 
objections, as he states, is the use of small units, but I hope in the 
future it will not be impossible to overcome this difficulty. I am 
bound to say I was disappointed with Mr. Hobart, as, from the article 
in the Electrician to which I made reference in my paper, I hoped that 
he would show us a way out of the difficulty of building high-specd 
direct-current machines. I do not despair myself, as very good pro- 
gress has been made in the design of direct-current machines up to 
the present time, and perhaps partly bv reducing the speed of turbines 
and partly by the clever design of direct-current machinery it will, 
in the future, be possible to make satisfactorily running series 
machines. 

Mr. Tilney, in referring to the difficulty of the holding power of the 
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direct current arc, criticises the Lausanne pole line. There is no doubt M 


that greater security would be achieved if the two wires were carried 
on separate poles, but, as I have explained above, probably in the 
future this line will be put entirely underground, as really it is 
impossible to obtain the same security with an overhead line as with 
an underground line. Мг. Tilney's remarks as to surges of current 
exactly agree with what I have said above. 

Iam glad that Mr. Allen confirms my opinion that the series 
system is of particular service where the power is supplied by gas 
engines, for the reasons he states. Іп this connection Mr. Patchell has 
somewhat misunderstood me. I do not, of course, suggest that the 
gas engine gives constant torque through one revolution, but only that 
it was a machine giving under certain conditions constant average 
torque, which, of course, is not the same thing. I am sure, however, 
that the speed reduction that would be possible would not exceed 
30 to 40 per cent. of full speed, and this reduction would only be 
possible at comparatively long intervals ; therefore, the regulation in 
connection with gas plant would in all probability be done by moving 
the brushes. 

The writing of this paper was to me a great pleasure, and I am 
gratified that so many engineers have taken an interest in this subject, 
which to me appears to be one of very great importance. 


On the motion of the Chairman a vote of thanks was unanimously 
passed to Mr. Highfield for his paper and carried with acclamation. 
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Proceedings of the Four Hundred апа Fifty-fourth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
March 14, 1907— Мг. W. М. Мокреү (Vice- 
President) in the chair. 


The minutes of the Ordinary Gencral Meeting held on March 7, 
1907, were taken as read and confirmed. 


Messrs. W. H. Molesworth and Е. С. Polden were appointed 
scrutineers of the ballot for the election of new members, and, at the 
end of the meeting, the following were declared to have been duly 
elected :— 


ELECTIONS, 


As Associate Members. 


Horace Marler Anning. Ernest Alexander Laidlaw. 
Ernest Alexander Fella. James Frederick Loader. 
Henry Francis Joel. Albert Pickersgill. 

Robert William Kemble. William Walter Warren 


As Associate. 
Frederick James Hughes. 


As Students. 


Herbert Stewart Baxter. 


George Swanwick Bradbury. 


Gordon Brown. 

Frederick Ringer Bullard. 
Alexander Beggs Burgess. 
Valentine Frederick Bush. 


Archibald Henry Douglass. 


Albert Joseph du Vignau. 

Fred. Candler Eckworth. 

Charles Herbert Goulden. 

George Ernest Green. 

Charles Norman Maclean 
Hamilton 


Mordoch E. Macdonald 
Frank Alex. McGowan. 
Donald Stewart Maclachlan. 
Claude Roland Marshall. 
Walter Patmore. 

Phillippe Ernest Péronne. 
John Munro Pollock. 
William Lett Ruttledge, 
Cecil Deacon Stoncham. 
Claude S. Taylor. 

Cecil Vernon. 

Herbert Cornwell Wellden. 
Arthur Stanley West. 


Alexander M. Williams. 
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Donations to the Library were announced as having been received 
since the last meeting from Dr. A. Muirhead, W. H. Patchell, and 
Professor S. P. Thompson, to whom the thanks of the meeting were 


duly accorded. 


The discussion on Mr. Highfield's paper was concluded (see p. 512), 
and the meeting adjourned at 9.45 p.m. 
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MANCHESTER LOCAL SECTION. 


MAGNETIC LEAKAGE AND ITS EFFECT IN 
ELECTRICAL DESIGN. 


By WILLIAM CRAMP, Associate Member. 
(Paper read Fanuary 8, 1907.) 


In every electromagnetic machine there are coils, generally called 
field coils, whose function it is to set up a magnetic flux ; and other coils 
so placed that they may link with as much of this flux as possible. 
Very rarely is it possible to arrange the machine so that all the flux 
from the field coils links with all the coils placed to receive it. 
Generally the ratio of the flux set up by the first coils to that received 
by the second coils is called the coefficient of leakage. 

Hopkinson used his leakage coefficient to denote the ratio of the 
number of C.G.S. lines set up in the field magnets (of direct-current 
machines) to the number of C.G.S. lines which, linked with the arma- 
ture-turns, produced the machine E.M.F., i.e.— 


Leakage coefficient Хо. of lines in field magnets 
(Hopkinson) Хо. оғ lines in armature 


Professor Thompson has used the term “coefficient of dispersion,” 
to replace what I have called above “leakage coefficient," but in 
general I shall adhere to the term “leakage factor” as being shorter 
and more expressive. Іп апу case, to me, the terms * leakage factor," 
“leakage coefficient," and ‘dispersion coefficient," mean one and the 
same thing. 

Now the total flux generated by the field magnets — useful 
flux + stray flux ; 

Hence dispersion coefficient or leakage factor 


РЕ useful flux + stray flux 


usetul flux 


Же stray flux 
RS ыш flux 


With given magnetising ampere-turns the stray flux is proportional 
to the permeance of the leakage paths, and the useful flux is propor- 
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tional approximately to the permeance of the armature teeth and air- 
gap. Thus the dispersion coefficient— 


permeance of leakage paths 


=I НЕНА dnce талың 


permeance of armature teeth and gap’ 


or— 
reluctance of armature teeth and gap 


теры з > 
T reluctance of leakage paths 


I have put the above down at some length because I wish to make 
this leakage coefficient perfectly definite ; and to take care that this 
term means the same thing whether alternating- or continuous-current 
machines are referred to. In alternating-current motors particularly 
it is of the greatest importance. 


B =. А О 
Еіс. 1. 


In (һе Heyland circle for an induction motor such as Fig. т, the 
coefficient of dispersion is sometimes taken as— 


OA 
TTAB 
sometimes as— 
OA 
+ OB 


while, unfortunately, some writers even go so far as to call 


OA or OA 
AB OB 
the coefficient of dispersion. 

Now neglecting stator resistance, OB represents the short-circuit 
current of the motor at a certain voltage, while OA represents the stator 
current at the same voltage when the motor is stationary with rotor 
open-circuited ; and since under these conditions the flux linked with 
the stator-turns is constant, it follows that OB represents the ampere- 
turns to drive a certain flux across the leakage paths, whilst OA repre- 
sents the ampere-turns required to drive the same flux through the 
useful paths, leakage at no load being neglected. Thus OB represent. 

Vor. 88. 86 


% 
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the reluctance of the leakage paths, while OA represents the reluctance 
of the useful paths. 
Our dispersion cocfficient or leakage factor, therefore, is really— 


OA OA 
т + ӨЗ” not 1+ АВ: 
This reasoning, of course, applies to all electromagnetic machines. 
Among writers upon induction motors the letter в has been adopted 
to represent another leakage ratio. Behn-Eschenburg uses— 


с= ОА 
OB’ 
whilst Hobart and others take— 
в = О А 
АВ 


Г shall adhere to the latter and write— 


js 
AB 

and 

ye ОА 
OB' 

thus leakage factor— 


=1 4 I +v 


OA. 
ОВ” 


=. ОА _ c 
ET Ona P 
Having thus settled the question of the dispersion coefficient, we 
return to its effect upon the design of machines. 


Magnetic leakage gencrally is of two kinds :— 


1. That which opposes the attainment of the ideal characteristic at 
which a designer aims in any particular machine. 

2. That which assists the designer to attain the end at which 
he aims. 


As examples of the former іп continuous-current machinery, we 
have flux which is linked with field-turns, but not with the armature- 
turns; also flux set up by the armature tending to destroy the field ; 
and corresponding to those іп alternating-current machines there 15 
self-induction of stator and rotor. 

This type of leakage I call “ harmful leakage.” 

‚Аз examples of the second kind we have, іп direct-current 
machinery, leakage into the sides of the teeth of the stampings, and 
special leakage from pole to pole, arranged with the object of im- 
proving commutation, etc.; while in alternating-current machines we 
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have specially arranged leakage paths to increase self-induction for 
constant-current purposes, etc. 

Thus it will be necessary to distinguish between “ harmful leakage ” 
and “useful leakage," and to consider continuous- and alternating- 
current machines separately. It will be granted that the subject of 
harmful leakage has received much more attention than that of useful 
leakage. This was bound to be the case since the designer is forced to 
take into consideration those factors which tend to prevent a given 
machine from fulfilling its special purpose. It is to the useful leakage 
that I wish to draw in certain cases special attention in this paper. I 
shall commence, however, with harmful leakage in the field systems of 
continuous-current machines ; and at the outset it is clear from the 
definition given that the coefficient of leakage will increase with the 
length of the air-gap, and with the reduction of the dimensions 
A and B in Fig. 2. So while it is true that magnetic leakage does 


4 
“ е 
Й 
2 


Fic. 2. 


not represent a definite loss of power, it is also true that any machine 
whose leakage can be got rid of will have a distinct increase in output 
for a given speed ; or a decrease in weight for a given output, efficiency, 
and speed. It is therefore of importance that the leakage should be 
reduced as far as possible, as may be seen from the following reasoning. 

А machine having a large magnetic leakage will have either larger 
field poles, or a higher magnetic density in those poles than a machine 
having no leakage, so that the amount of ficld copper in the case of the 
machine with leakage is greater for a given field loss. 

Or conversely, with constant flux in the field magnet, a machine 
with large leakage will require more armature copper than the same 
machine with no leakage. Thus for a given efficiency magnetic leakage 
increases the cost of the machine. 

Now from whichever point of view we approach the subject, i.e., 
whether we reduce the armature copper or the field copper by reducing 
the leakage, we shall arrive at practically the same change in cost, as is 
easily seen from a few trial cases. Аз a matter of fact, however, it is 
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almost impossible by alteration of the armature alone to change the 
leakage to any extent. Hence we return to the question of alteration 
of field shape. 

We note, in the first place, from what has just been said concerning 
the dimensions A and B in Fig. 2, that a small magnetic leakage 
coefficient can be obtained by abnormal increase of armature diameter 

pole arc 
pole pitch 
which conditions also involve large diameter of ifield frame. But 


coupled with decrease of ratio and lengthened field pole ; 


> 77 > 
Em 


FIG. 3. 


reduction of the coefficient by this means only results in a more ex- 
pensive machine, supposing that the original linear dimensions were 
settled by sparking and temperature considerations. Further, it is 
only in certain cases that any improvement at all can be expected. 
For, consider the following values of the leakage coefficient. 

In multipolar machines, with normal ratio of pole arc : pole pitch (that 
is, an average of 0°72) the value for the coefficient varies between r5 
and r'15 from 1 to 200 k.w. Beyond 200 k.w. the coefficient steadily 
decreases till we reach гі at 1,000 Км. It is evident, then, that 
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beyond 200 k.w. the decrease of cost to be obtained by reduction 
of the dispersion is very small. 

Let us take a small size of machine, say, 5 k.w., and see what 
improvement can be effected by reducing the leakage. Fig. 3 I shows 
the field-magnet circuit of a machine having 4 poles, which I designed 
some time ago to give 5 k.w. at r,ooo r.p.m. Тһе dispersion coefficient 
is about r35. At high saturations it might become r'4, and at this 
figure we will take it. The weight of field copper per spool is 8:22 lbs. 
and its cross-section 2 ins. by 2 ins. 


If the leakage could be reduced to гто, the pole area, which is 
now 9'6 sq. ins. would become 7°55 sq. ins., and its diameter would 
be reduced from 3'5 ins. to 3'10 ins. This reduces the field copper 
to 777 lbs. and the cost of the total copper by about 6 per cent., 
a reduction hardly worth making for its own sake unless other advan- 
tages ensue. The question is: Can this leakage be decreased without 
proportionately increasing the amount of field copper or the cost of the 
frame? In answering this question we notice that to reduce the leak- 
age we must either— 

I. Increase the length of the leakage paths, А and B, Fig. 2, or 
2. Decrease their area. 
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In considering the first expedient we have already determined that 
to apply the remedy of a larger ficld frame is inadmissible. Examina- 
tion of Fig. 3 I shows us at once that the main leakage will take place 
from pole tip to pole tip. There will be also considerable leakage 
from pole to pole and also from tip to yoke. 

Now the leakage path from tip to tip can be reduced by placing the 
magncetising coil nearer the armature, i.e., around the tip itself, and the 
arca of the path between pole and pole can be reduced by shortening 
the pole, while the area of the path (and its length) can be changed 
by bringing the sides of the coils upon the respective poles nearer 
together. 

Thus the ideal machine to reduce magnetic leakage to a minimum 
would be arranged as іп Fig. 4, either ІП or, better, IV ; but in making 
the change from Fig 3 to Fig. 4 we have considerably increased the 
length of mean turn of the field coil, and some method of compensating 
for this must be introduced if any economy is to be effected. 

This compensation, however, is at once scen to be present from the 
following table :— 


TABLE I. 
Design of Fig. 3 I. Design of Fig. 4 ПІ or IV. 
(a) Cylindrical cooling surface—A. Cylindrical cooling surface quite 
2А. 
(b) Laminated pole tip to provide — No pole tip. 
and fit. 
(c) Pole to machine and cast in. No machining on pole. 
(d) Large diameter frame. Small diameter frame. 
(er) Commutation good. Commutation excellent. 
(f) Leakage factor, large. Leakage factor, small. 


The question of commutation requires a word or two of explanation. 
Good commutation, apart from special devices, entails steady interpolar 
magnetic distribution. Such distribution is much more marked in 
machines of tvpes III and IV than in those of type I. This is partly 
to be accounted for by the decrease in leakage and partly by the close 
proxunity of the field coil to the armature. 

We can therefore take advantage of the new construction in five 
ways:— 

I. Increase the field loss a, thus bringing the weight of copper to 
the original value and saving, if possible, on 6, c, d; this is 
inadvisable owing to the necessarily low rating when enclosed. 

2. Let the weight of copper remain, and save if, possible, on b, c, d. 

3. As the whole machine is likely to keep much cooler, the armature 
dimensions may be reduced and a saving effected there without 
practically affecting the efficiency. 

4. While, if possible, saving, as in 2 above, increase the overload 
capacity on account of e. 
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5. Decrease the armature turns in ratio of old to new leakage 
factor ; increase section per turn and thereby the output. 


In applying these possibilities in practice, it has been assumed that 
the field loss remains about constant, while the length of mean turn is 
increased from 17:6 ins. to 28 ins. Since the resistance of mean turn 
must be kept constant if the voltage per coil and ampere-turns are 
constant, it follows that a wire of slightly larger diameter is used in the 
new form. The comparison of опе coil of Figs. 3 І and 4 IV is as 
follows :— 


TABLE II. 

Fig. 3, I. Fig. 4, IV. 
Ampere-turns вва "T ... 1,725 «v 1,725 
Length mean turn ... i a 17:6 іпѕ.  ... 28 ins. 
Current S abe “4 ves 0575 js о62 
Watts ... T б ve Ms IIS ... 124 
Yoke diameter ЗЕР Ves iss 203 ins. ... 18] ins. 
Cost of copper (four coils)... att 36s. js 525. 
Cost of steel ... ы T 52% 1645. ... 13:45. 
Leakage coefficient $t wei 1355 «ы ГІ 
Output for given speed  ... is 500 .. 6°00 


NoTE.—Fig. 3 has a cast-iron yoke. This in the above table has 
been reduced to cast steel. 

So, then, the alteration results in a machine of small diameter 
costing specifically less, yet with better commutation, slightly larger 
output, better overload capacity both on account of the commutation 
and the smaller distortion because of the pole shape. 

In the above comparison little or nothing has been said of the 
reduced cost of machining Fig. 4 IV, because it may be argued 
that if lamination of the pole tip is good for the one it is necessary 
for the other. Fig. 4 is at least as good as Fig. 3 I, from the enclosing 
point of view, since its radiation is so much better and its field loss so 
little increased. 

Now in making the above comparison I have changed the original 
machine without reference to the fact that in so doing we have missed 
the best proportions for the new machine. The original machine had 
a round pole which is the best shape. “Round” being out of the 
question for the new machine, we shall adopt “square” as the next 
best shape. Keeping, then, pole area and flux per pole constant, we 
reduce the armature diamcter to 8$ ins. and alter its length to 47 ins. 
instead of 4 ins. The cooling surface is therefore almost the same 
while the field length of mean turn becomes 26 ins. instead of 28 ins. 
All this is shown in Fig. 3 II. Thus a comparison of Figs. 3 I and II 
yields the following table :— 
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TaBLE III. 

Fig. 3 L Fig. 3 1I. 
Ampere-turns ЕР ns ose 1,728 44: 1,725 
Length of mean turn vd ds 17:6 ins.  ... 26 ins. 
Field-watts per cent. ni er 2°3 des 2'3 
Yoke diameter е “з Sai 2075 ins. ... 18 ins. 
Yoke cost  ... T © bes 16:45. jas 12:55. 
Field copper cost ... 36s. PS 485. 
Total cost (yoke and field ов 52`45. e 60'5s. 
Leakage factor (est.) M Р 1°35 -— I'I 
Output (k.w.)... si T iss 5°00 ae 6°00 


Shillings per kilowatt. avs сае 10755. уз 10'08$. 


Note that in the above contrast the costs of the two armatures аге 
the same, so that the cost per kilowatt is really far more favourable to 
Fig. 3 II than appears. From this comparison it is evident that 
even without considering the reduced cost of machining, Fig. 3 II 
is the better machine. 

These principles should, I think, be applied in machines up to 
about 20 B.H.P. Beyond this size the ratio of the cost of active 
material to labour, togcther with the small decrease of the leakage 
coefficient, render the advantages to be gained more doubtful. 

Now Fig. 4 immediately suggests the possibility of advantages to be 
gained by replacing the four original coils by one of zigzag shape. 
This is an important point, the more so as several patents have recently 
been taken out in this direction. That the idea is not new is evident 
from a perusal of patents No. 7079 of 1887, and No. 3970 of 1802. 
The newer patents are No. 6666 of 1902, No. 21202 of 1902, and 
No. 9604 of 1903, and they all have for their object what is termed 

magnetisation of the armature" as against the usual plan of 
magnetisation of the ficld magnet. 

The clear meaning of this is that the inventors have aimed either 
at abolishing magnetic leakage, or else magnetising the armature, so 
that the armature itself carries a greater flux than the field poles. This 
might easily be the case if there is any considerable gap between the 
wire of the coils and the poles themselves. It also incidentally leads 
us to discuss the whole question of single field-coil machines. 

In approaching this subject we must realise first that the watts 
dissipated in any field depend upon the ampere-turns per pole required, 
the resistance of the mean turn, the number of poles, and the field 
current. With given voltage across the ficld and given watts to be 
dissipated, the field current is fixed, and, of course, the ampere-turns 
per pole are usually also fixed beforehand. Thus the product of the 
resistance of the mean turn per pole, and the number of poles, will in 
such a case be a constant, and the ampere-turns of the single coil will 
always have to be equal to those required for one complete magnetic 
circuit, 1.е., twice the ampere-turns per pole. Consequently, as a basis 
of comparison, if we can show that the length of the mean turn of the 
single coil is less than the product of half the number of poles and 
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length of mean turn per pole in the ordinary 5 ar case, then it 
will pay to use the single coil, unless indeed it be of such an exceptional 
shape that the expense of winding it places it out of the question. 

In the above machines, Fig. 4, if we substitute a single coil for the 
four existing coils, it must be of the shape shown in Fig. 5 approxi- 
mately, and since the centre of its section must correspond with the 
neutral point between the poles, it follows that its length of mean turn 
will be 62 ins. as compared with 2 x 26 ins, or 52 ins. of Fig. 3 II. It 
will be obvious that the greater the number of poles, and the shorter 
the length of the armature, the more likely is the single-coil machine 
to compete with one with as many coils as poles; but it can rarely 
be worth while to add poles for the sake of using the single coil. 
From this it follows that the original Lundell motor is the very worst 
form of machine for a single field.coil machine, as it only has two 
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poles; and it is further at a disadvantage in that the axis of the 
coil is inclined to the armature in such a way as to set up great mag- 
netic leakage along the shaft and bearings. It is a proof of how much 
the price of small motors depends upon machining (and not active 
material) that the Lundell motor could ever compete against bipolar 
machines with ordinary field coils. | 

А better shape of coil than that employed in the Lundell motor 
would be the bipolar form of Fig. 5; but this, though it is used by 
one firm, can hardly be economical since the ends have to be bent 
50 far out of their shortest path to clear the armature top and bottom, 
tbus resulting in an abnormal length of mean turn far greater than that 
of the ordinary bipolar motor. It is a fact, however, that so excellent 
is the commutation produced by field coils which lie midway between 
the pole tips, while closely enveloping the armature, and so much is 
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the leakage coefficient reduced thereby, that machines far smaller 
than those of ordinary construction can be built for a given output. 
This has been already proved in Table III. There is little doubt that 
the excellent commutation is in all these cases due to the fact that the 
position of the field coil renders definite the interpolar field ; while the 
fact that the yoke comes much nearer the armature (which would in 
itself, as a rule, render commutation difficult), is discounted also by 
the position of the coil. Indeed, it is not too much to say, that by 
the use of coils, whether single or double, passing through the inter- 
polar space, an effect can be obtained approaching that produced by 
special commutating poles. The field shape, of course, is then not 
unlike an ordinary slotted stator, with as many slots as poles. 

As regards the question of the псагпеѕѕ of the yoke upsetting good 
commutation, I have found that in certain machines of the bipolar 
Lahmeyer type, the nearness of the armature to the yoke upset com- 
mutation upon overloads. А cure was found for the trouble by fitting 
from pole to pole in the interpolar space and quite close to the arma- 
ture a sheet of copper ; this having the effect of considerably reducing 
the reactance voltage of the machine. It is said that the field coils 
of single-coil machines possess something of this effect, but I very 
much doubt it. 

I have already touched upon the question of the relative economy 
of single-coil as against multi-coil machines. Тһе question turns (as 
has been said) upon the ratio— 


Length of mean turn of single coil 
Length of mean turn per pole x pole pairs 


With two poles the single coil is never advantageous, and with four 
and six poles, very rarely. With more than six poles the single coil 
may pay, but, generally speaking, the machine easiest to wind and most 
economical is that shown in Fig. 3 II. Тһе single-coil machine сап 
be made as economical of copper as this latter form, but only bv 
cutting away alternately on the right hand and on the left the poles 
of the machine (Fig. 5). This resolves itself into slightly staggered 
poles with a shoe alternately to right and left, which by increasing 
the leakage factor does away with some of the advantages of the type. 
It must be remembered, however, that the provision of shoes upon 
the sides of the poles is a very different matter to the use of ordinary 
pole horns or tips, since it does not increase the leakage factor to the 
same extent. 

In the above analysis I have tried to be as fair as possible to all 
shapes of machine by taking the very best of each class. In this 
respect, then, I think the figures I give form a much more reasonable 
basis for comparison than those used by H. Е. Joel * in comparing а 
cast-steel 6- B. H.P. single-coil machine of very careful and economical 
design with a 4-B.H.P. cast-steel ordinary 4-pole motor of such design 
that a first glance condemns it as hopelessly bad. Naturally the com- 

* Electrical Review, vol. 55, 1904, pp. 203, 273. 
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parison is much more favourable to the single-coil machine in his case 
than under the conditions adopted by me. 
Summarising now the results so far attained :— 


I. In machines up to 20 H.P. the leakage is sufficiently great to 
make it worth while to adopt special means to reduce it. 

2. One of the best remedies is the placing of the field coils close 
to the armature and practically spanning the pole pitch. 

3. A single coil may be adopted in place of the usual one coil per 
pole, but this is not as a rule economical. 

4. The single coil will be more economical than the separate 
coils if the length of mean turn of the single coil is less than 
the length of mean turn of any one of the separate coils 
multiplied by half the number of poles. 

5. Adopting either of these methods of field winding incidentally 
reduces both the weight of iron and the cost of the machine, 
and at the same time improves the commutation. 

б. As the general result, therefore, smaller machines at а reduced 
cost can be built for the same output. 


Having shown that considerable advantages are to be gained by 
surrounding the armature closely by its fields coils, the logical deduc- 
tion is that if both field and armature coils are placed upon the 
armature the results will be better still, since any harmful leakage is 
then converted into useful leakage. This system, of course, would do 
away with the field coils proper altogether, and would resolve itself 
into the equivalent of an armature and commutator with the brushes 
set at an angle to the neutral line, which arrangement in the case of 
the series motor might be adopted ; but in the case of the shunt motor 
we should need two commutators and two sets of coils, with the “ field 
brushes” at right angles to the “armature brushes.” Considering first 
the case of the shunt machine, and remembering that the full voltage 
must be put across the field brushes, and that the field current will be 
limited only by the resistance of the coils connected to that com- 
mutator, we are at once confronted with the fact that the number of 
field-turns would render such a winding very costly compared with 
the simple field coils of an ordinary dynamo. Hence, from ordinary 
commercial considerations, this variety must be considered to be ruled 
out of the question. 

The case of the series motor is different. Here the field-turns will 
only be about the same as the armature-turns, so that it is worth while 
going into the question to see if any substantial advantage may be 
gained. From the theoretical point of view, we have two factors to 
consider :— 


1. The field coils being distributed about the circumference of 
the armature will not have along the ficld-brush axis the 
effect of a concentrated coil producing the same ampere- 


turns, but only about 2 times this value. 
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e. The leakage factor will, so far as mutual induction between 
the armature and field coils is concerned, be practically 
unity. 


It is evident that the first consideration to some extent discounts 
the second, so that we shall not expect to find any value in this type of 
machine except in special cases. For having placed both field and 
armature coils on the same member, we can make the yoke and poles 
either exceedingly cheap or exceedingly light. If cheapness is desired, 
a simple iron casting bored out is all that is necessary ; if lightness is 
desired, cast steel may be used, and in either case the magnetic circuit 
is economical because very short, so that the overall diameter of the 
machine will, if the armature dimensions are not much increased, be 
much reduced by the new construction. 
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In order to put these theories to a practical test, I have, with the 
assistance of Mr. Garner, carried out at the Municipal School of 
Technology a series of experiments upon a bipolar double-commutator 
machine, a diagram of whose frame is given in Fig. 6. 

'The following are particulars :— 

Machine used.—Motor transformer No. 6,616, made by the Electric 
Construction Company. 

Type.—Elwell Parker. Bipolar overtype drum (smooth). 

Armature—High-tension (H.T.) side, 220 volts, 280 conductors. 
Low-tension (L.T.) side, 20 volts, 28 conductors. 
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Field Winding. — Each limb 27 layers, 152 turns per layer, in 
0052 ins. diameter wire. Resistance, 45 ohms. Total, до ohms hot. 

Output.—2 kilowatts. 

Leakage Coeffictent.—Calculated by Forbes’ Lemmae, 1°51. 

It will be seen that though from the point of view of leakage, this 
is an excellent example, yet it is difficult to obtain upon the armature a 
number of ampere-turns corresponding to that which would normally 
be upon the field. 

The first point of importance is the fact that while the leakage co- 
efficient as calculated is 1°51 we can hardly expect to change this to 
unity, since part of the leakage is due to the shape of the field, and 
leakage will take place even when exciting from the armature ; also 
on account of the abnormally low saturations in the test, the co- 
efficient would be reduced. | 

The second point is the importance of setting the field and armature 
brushes in such relative positions that the effect of lack of symmetry 
in the pole horns, etc., is entirely eliminated. This was accomplished 
as follows :— 

The machine was driven at constant speed by a small motor, and 
no excitation being on, both H.T. and L.T. brushes were moved till 
they gave their maximum volts (due to residual field magnetism) so 
that both were upon the neutral line. Since the Н.Т. brushes were to 
be used for the field excitation, the L.T. armature brushes were first 
fixed by choosing such a position that no matter what current was 
passed through them, the generated volts did not increase, 2.е., there 
was no resultant field at right angles to the L.T. brushes due to their 
own current. The H.T. brushes were then moved round till they were 
at right angles to that position where they would give a voltage 
ratio = ratio of turns as compared with the L.T. side. 

The results which I am about to quote are those of the third series 
taken. The first two series were each found to contain errors due to 
lack of field symmetry or other causes which gradually showed them- 
selves as the work advanced. 

The normal maximum field ampere-turns are 18,300. This would 
entail a Н.Т. current of 260 amperes. Тһе maximum current we could 
use was 35 amperes, and this corresponds to 2,450 ampere-turns. "Thus 
the saturation was much lower than usual, and an examination of the 
magnetisation curve showed that we never reached the knee. 

The argument used was as follows: The ampere-turns of the 


H.T. armature acting along the normal field axis will be about қ 


times those of а concentrated field coil having the same current and 
turns, but placed centrally around the armature between the poles. 


I. If, then, we excite the Н.Т. armature with a certain current 
and apply a voltage to the L.T. side, the machine will run 
as a motor, and at a fixed speed the L.T. back volts will be 
proportional to the flux set up by the field ampere-turns. 
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Now, leaving the H.T. armature unexcited, providing on the 
field coils ampere-turns Z times those of the armature, and 


measuring the L.T. volts at similar speeds, will give us the 
corresponding flux set up by a corresponding number of 
field ampere-turns, and the ratio of the L.T. volts in the 
two cases will be the change in the leakage factor produced 
by the change of position of the exciting coils, provided 


always that the above ratio (2) is correct. 


П. Similarly, if instead of using the Г.Т. armature as a motor 
armature, we, with similar excitation conditions, drive the 
machine independently, then the direct ratio of voltages on 
the Г.Т. side is the change of leakage factor. 


The results of Test I., as above, are given in Tables IV. and V., 
and the results of Tests II. in Tables VI. and VII. The only possible 
source of error is change of H.T. carbon brush resistance, which 
practically does not affect the results. (The L.T. brushes were of 
gauze). Some of the results of Test II. are plotted in Fig. 7, and 
these show the equivalent of a change in the leakage factor from 


1:42 to 1724. 


TABLE IV. 


Condilions.—Excitation provided by H.T. winding, L.T. winding 
as motor armature. 


t 
1 n | am IV у | VI VIL | УШ Е ІХ | Х. | 
— 1—6 |46 
H.T | LT. | HT.) LT LT. | нт.| HT LT. |. 
1 шщ 
жқ v . e. [^] 1 - ЕА = 
5% | EE, ЕЕ EE: EN ge xz ж 2555 
|, ВЕ EB doà|oà, 25 | dB iw 
d Б” E БӘ Е а ~ > A> ү 
| E 
108 | 1730 r5o |158 | 1'045 1'40 | 0455 
190 | 1720 | 1°64 : 169 | r1 18 I'jO | 0'522 
300 | 1675 | r94 || $ | 184 | r218 || |; гоз 0722 
400 | 1565! 225 |5, 198 'rjro||'9 3051 0940 | 
.- t . > . . ` 
530 | 1440! 2'52 |525. 204 | 1350 |50 | 430, r170 “2. 
740 | 1205 | zgr || & 214 | r416 || || 665 | r4o4 |“ , 
1,000 | 010, 3°39 || 2 218 | r440 ||” 8°60 го5о | 
1,220 | 856 | 380 222 | 12408 10114 | 2°332 
1,040 | 555! 456 | 226 | 1495 13°15 | 3965 
| | ' 
Low-tension armature resistance = 0‘ообб ohms. 


High-tension armature resistance = 0:535 ohms. 
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TABLE V. 


Conditions.— Constant exciting current in main field winding. 
Motoring from L.T. winding. 


—— р M—Ó —""—X——— | —— | —ÓM | —M— | ——————À 


L.T. H.T. C.R. Drop L.T. L.T. Field Tempera- 
Speed. | Armature | Generated in LT. | Armature Back Current ture 
Volts. Volts. Armature. | Current. Volts. (average). 
170 | 0678 | о155 | 0'206 350 | 0402 
192 | 0745 | 0174 | 07212 360 | 06533 
240 | о925 | о220 | 0722 380 | о%00і в 
330 | 0'970 0'330 0'23 400 о 734 (xa px 
340 | 09090 | 0358 | 0.242 4го | 0% 4 % 5 
418 | 17170 | очбо | 0°25 440 | 0 Р Ф 4 
565 | 1°370 | о078 | 0°26 455 | rio2 9: % 
650 | гс2о | 0:838 | 0280 475 17240 g во 
Воо | 1°830 | ro76 | 0292 495 | 17538 a = bs 
920 | 2°050 | 1°310 | 0'300 sro | r7so || $ Б 5 
1,060 | 2230 | 1°650 | ©0312 530 | 1'918 5 5% 
1,200 | 2460 | 1950 | 0'324 550 | 2136 © E 
42 


TABLE VI. 


Condilions.—Varying excitations provided by Н.Т. winding. 
Machine independently driven at constant speed. 


Speed. PER | доа 222. TN Ampere turns 
Current. Volts. Volts. Windings. 
| / 36 2°71 0'290 8o 

2 4°50 0'401 161 

| 91 540 0'462 203 
|= 118 6:67 0°552 263 

à. 163 8:65 0'714 363 

2 195 9'92 0:812 430 

g 227 11742 0'936 497 

г 31:3 16 40 1270 697 
334 1750 1342 745 

350 18°20 1*393 782 
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NOTE.—In this test there is а very wide range of Н.Т. currents 
extending from zero to practically twice the full-load current, and 
since it is on the H.T. side that carbon brushes have been used, it 
cannot be assumed that the H.T. resistance is constant. 
| Seeing that the difference between applied volts апа С.К. drop 
is very small and also unimportant (since it is due either to errors in 
resistance, calculation, or to dissymmetry of the field flux) the cal. 
culation of this voltage and the C.R. drop bave in this case been 
neglected 


TABLE VII. 


Condilions.—Excitation provided by main field winding. Machine 
driven independently at constant speed. 


I. II. ПІ. IV. 


Spee as Current. Мока. 
0'252 00212 870 
о240 0°0396 1620 
| 0'445 0'0606 2400 
Я 0°563 00796 3270 
a. 0°685 0* 1000 410'0 
О 0'785 0'1170 4700 
< O'9IO 071370 50620 
1075 0°1600 6570 
I'21O 0°1780 73ГО 
1:300 о'1960 8050 


It was thought that the change referred to was really unreasonably 
small and the ratio : fell under suspicion. To check this Mr. Garner 


took for me an oscillogram of the flux distribution when exciting from 
the main fields ; and as it was found impossible to obtain a reliable 
oscillogram when exciting from the armature, the curve for the latter 
was deduced from the former by the method shown in Fig. 8, where 
the bars I, 2, 3, etc., represent the positions of the armature conductor 


groups. This shows that the ratio 2. (0:637) was too large, and that 
т 


0'579 is really much пеагег the probable truth. Allowing for this the 
field ampere-turns should have been decreased in this ratio, so causing 
the leakage factor (and hence the output) to be changed by 21 per cent. 
instead of 12 per cent. That is, by putting the exciting coils on the 
armature the output would be increased by these amounts. As a 
matter of fact, however, this is only a portion of the advantage to be 
gained, for the weight of the field could then be reduced from 6 cwt. 
to about 2.cwt, 
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There are many points of interest about this research which 


was so well carried out for me. 


following :— 


One of the most interesting is the 


In Test I., where the low-tension armature current is considerable, 
an induced voltage naturally makes its appearance at the field brushes. 


The direction of the voltage is such as to reduce apparently the C.R. 


drop at the H.T. brush terminals ; or, in other words, //ie armature 
cross field becomes in these machines useful leakage and tends to provide 


the field current. 


This is well shown in the decrease of H.T. applied 


But it was also 


observed that when the effect of change of speed is eliminated the 
vollage ts found to be constant and independent of the armature ampere- 


volts with constant current in Column 2, Table III. 
lurns. 
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Fic. 7.—Results of Test II. 


An exact reason for this phenomenon I am unable to furnish, but 
I think it can only be explained upon the assumption that increase in 


armature reaction causes the resultant field always to move through 
such an angle as will cause the horizontal and vertical components to 


Thus increase of the armature current reacts upon 


the field ampere-turns tending to distort the main field. And this 


remain constant. 


distortion is such that the changed reluctance of the ficld path 
changes also the resultant field till the armature component reaches 


That 


the same conditions do not obtain when excitation is provided by the 


field is already shown by Fig. 9, where, as would be expected, increase 


of armature L.T, reaction increases Н.Т. volts per revolution per minute, 


a fixed value, which depends only upon the field frame shape. 


07 


VoL. 88. 


Flux Distribution Curves. 
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Another point which is full of suggestive interest is the fact that 
rotation of the armature in the field set up by the armature current 
produces an E.M.F. at the field brushes assisting the field current. 
This is, of course, equivalent to saying that, if the field brushes were 
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short-circuited, they would of their own accord by rotation of the 
armature in the armature field set up а field-current magnetising in 
the proper direction. But this is the very essence of modern com- 
pensated alternating-current motors, and to students and teachers 
alike forms a most valuable starting-point for the study of such 
machines. 
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Н. Т. Generated Volts per Rev. per Minute. 


ITS EFFECT IN ELECTRICAL DESIGN. 


567 


The foregoing tests, though conclusive evidence that in the 
machine actually tested the saving everywhere by adopting armature 
and field coils placed on опе member is enormous, form hardly a just 


0:002 


5 


ts 


8 


00010 


criterion. 


already shown in Fig. 3 I. 
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FiG. 9.—Armature Reaction. 


For in fairness it should be stated that the type of machine 
із old, and though the saving in the case of modern machines might be 
considerable, it could not be of the same magnitude as in this case. 
take, therefore, a more up-to-date instance we may usc the machine 
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If this machine, with а standard armature 
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winding, be used as a series motor without field coils, then when its 
‚ brushes are inclined at ап angle of 45° to the neutral line, its output 
is less than one-half of its previous power. There are two points, 
however, that must not be overlooked; one is the fact that if thc 
machine is designed on these lines for use as a series motor, a different 
length of armature can be used giving rather better results than 
those quoted. The other is, that by altering the angle at which the 
brushes are inclined, the field and armature ampere-turns сап be 
adjusted, giving us a large control by very simple means. The effect 
of such change is to give variable torque with practically constant 
speed; for if a sinusoidal distribution be assumed for field and 
armature, moving the brushes through an angle of 6° from the field 
axis changes the ficld effective ampere-turns according to cos 0° and 
the armature effective turns according to sin 67, so that the torque, 
which is proportional to the product of these two, is a maximum 
at 0° —45*. 

Corresponding to every position of the brushes the motor has a 
definite characteristic ; when the brush axis nearly corresponds with 
the field axis the characteristic is that of a series motor with a strong 
field and weak armature, while the reverse is the case if the brush 
axis approaches a position at right angles to the field axis. Thus 
while maximum torque exists when 0 equals 45°, increasing 0 beyond 
this value will cause the armature active turns to increase and the 
field ampere-turns to fall, so that when the speed remains about 
constant, the torque is slightly reduced. 

In practice, however, such sinusoidal distributions never аге found. 
If, as is usual, the field poles subtend an angle of 135°, upon moving 
the brushes from 0 = 45° to 09267? the arca of the effective air-gap 
increases though the field ampere-turns fall, and meanwhile the 
armature-turns increase; thus the total field over this range will 
remain nearly constant so that the torque (which depends upon the 
average air-gap flux density and the number of conductors carrying 
current immersed therein) will not sensibly increase, but the back 
E.M.F. (which depends on the total field flux and the number of 
armature active conductors) will increase for a given speed. Over 
this range, then, the motor acts as a shunt-motor with a variablc 
resistance in its armature circuit. Outside this range it behaves as 
described above. 

It must not be forgotten that such a motor will necd a larger com- 
mutator and smaller reactance voltage than the ordinary series motor, 
and this fact, together with the characteristics already given, combine 
to show that only in special cases will it be of commercial value. 

These cases are such as would necessitate a machine having ex- 
tremely small external dimensions with no room for series rheostat or 
similar means of control, and an example is the small electric runabout. 
Even here its use is a little doubtful, because with cells, variable 
voltage control can be so easily and cheaply arranged. Іпдеса, for 
sinall motors it is hard, in my opinion, to beat Fig. 3 П But very 
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long motors of very small diameter might be better, if arranged 
without field coils, for example, tube cleaner motors, etc. 

Alternators.—In approaching the question of leakage in alternators, 
I wish it to be understood from the outset that I intend to confine 
myself almost entirely to useful leakage, or rather, to showing how 
use may be made of that leakage which must exist. 

Already to some extent this has been done, as, for instance, in the 
case of the constant-current alternator ; which is so constructed that 
beyond certain points every tendency of the current to increase is 
checked by that increase itself producing (through leakage flux) a 
voltage in the armature-turns. Now, in ordinary alternators, the 
leakage which exists is of two kinds, namely, field leakage and armature 
leakage. To the former every word that has been said as to the 
advantage of obviating leakage in continuous-current fields strictly 
applies. The latter sets up what is called armature reactance, and 
except in such special cases as the constant-current machine above 
referred to, must be reduced as far as possible. In setting out to 
to calculate the reactance of alternator armatures, recourse may be had 
the formula given in the Electrician, vol. 52, p. 1029, 1904, which not only 
gives good results, but shows clearly what points should receive atten- 
tion if the leakage is to be reduced to the minimum. When, however, 
we come to make use of it for. calculating the armature details of a 
machine to give (let us say) constant current, it is found wanting since 
it only applies to ordinary slot proportions. It is always found 
difficult to calculate exactly the proper proportions of slot to give a 
certain reactance, and this is partly due to the fact that the exact effect 
of the resultant lagging armature current upon the field cannot always 
be predicted, especially in the case of single-phase machines. 

A distinction has been drawn above between field leakage and 
armature leakage, but in practice these two are very hard to separate. 
As load comes on a single-phase alternator, armature reactance 
causes a fall in pressure at the alternator terminals, but it also 
causes the cyclic variation of armature current to lag in time, so 
that the relative position of armature and field corresponding to maxi- 
mum current is changed ; with the result that weakening of the field 
takes place, which causes a further drop in the armature P.D. "Thus 
the action of a constant-current alternator may be just as much due 
to distortion and destruction of the main field as to armature react- 
ance; but since the path of a continuous magnetic field is a more 
easy matter to deal with in calculation than armature reactance, I 
think a better constant-current machine may be designed by pro- 
viding a definite bye-pass (so to speak) for the field flux, than by 
attempting to provide leakage paths for the armature flux. 

I suggest, therefore, that armature reactance should in every case 
be kept as small as possible, while reactance of the armature upon the 
field should be allowed to cause the latter to leak, and thus produce 
the constant-current effect. 

As I shall show presently, the same idea may be adopted to cause 
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the alternator to be self-compounding, i.e, it may be used either to 
cause an excessive fall in volts, or to keep them constant, or to cause 
them to rise. These principles I first made use of in alternators 
designed in 1904, and from that date to this I have sent out many 
successful machines constructed upon these lines. 

I call attention to this fact because it appears that only in 1906 Mr. 
Alexander Heyland * has rediscovered and made use of the same idea. 
The method which I employ is specially applicable to alternators of the 
inductor type, and may be explained as follows: Fig. то is a section 


FIG. 10. 


through a special inductor alternator. R is the stator or stationary 
armature forming also part of the magnetic circuit. S is the rotor, 
and would carry normally the rotating inductors to produce the 
necessary variations of flux. А,, А, A, are air-gaps, and it is evident 
that if F is the only coil producing the magnetic field. then A, and 
A, are magnetically in series, as also аге A,, A, whilst А, and A, are 
magnetically in parallel with respect to A,. 

Suppose now that the armature coils are wound upon the stator at 


* Elektrotechnische Zeitschrift, vol. 27, 1906, р. 1,011; Electrician, vol. 58, 1906, 
р: 42. 
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А, while the other two air-gaps remain as simple smooth-bore flux 
paths. If F be excited by a constant current the coils A, will generate 
a certain open circuit E.M.F. when R rotates at a certain speed, de- 
pending upon the relative areas of A, and A, Directly any current is 
taken from the coils at A, armature reaction is set up which 
immediately increases the reluctance of the path of the field flux 
through A, In consequence, more of this flux tends to leak by 
A, producing thereby a very large fall of voltage, which will tend to 
kecp the current at А, constant. This is particularly the case if the air- 
gap at А, be small and the density high with respect to A,; so that by 
carefully adjusting the areas of the gaps and the densities, an 
alternator may be so constructed that a very small change of current. 
through the coils at A, only takes place, even if the resistance in 
circuit with these coils is changed from a large value to short circuit. 
Similarly if the armature coils be placed at A, a still more pronounced 
effect is obtained. Complete rcgulation and control of this effect is 
obtained if a second field coil be placed in the recess between A, and 
A, and connected in parallel with F. A resistance and reversing switch 
in series with this second coil will enable all the changes to be pro- 
duced from an alternator having practically a constant current 
characteristic to an alternator having the characteristic of a machine 
intended for ordinary constant potential supply. If the two field coils 
are adjusted so that both tend to make A,, A, the path of their flux, 
the effect of the second ficld coil is equivalent to a great reduction of 
the reluctance at A, while when the two are in opposition they both 
send their flux through A,, and tend to prevent any possibility of leak- 
age. Thus in either case the armature at A, may be wound as if for 
constant potential. It will be seen that since the reluctance of each 
circuit is nearly inversely proportional to the areas of the respective 
gaps, the calculation for any particular characteristic is extremely 
simple compared with that required for the ordinary constant-current 
alternator; and, further, ample adjustment for errors in calculation 
may easily be provided by means of the second field coil above 
referred to. 

In applying these principles to obtain a machine which shall with 
varying currents give constant potential difference, we should have 
to provide at А, a steadily increasing magnetomotive force of such 
sense that it would oppose the leakage from F. This is equivalent to 
compounding in the ordinary way, and by conscquence involves a 
continuous current increasing with the load. In order to compass 
this and also to make use of the air-gap A, I have placed on the rotor 
at А, a continuous-current armature and commutator, and have broken 
up А, into salient poles. 

If the brushes on the commutator are connected through suitable 
rheostats to the field coil F, we at once have a machine which is self- 
exciting. Not only this, but the increase of alternating current at A, 
by tending to increase the reluctance of that path, tends also to shunt 
more flux vid À, whereby the voltage at the commutator is increased 
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and with it the exciting current, so that the voltage at A, returns to its | 
original value. In this way the machine becomes both self-exciting and 


II. 


FIG. 


———————— — 


self-regulating ; self-regulating not only as regards voltage drop due to 
increase of current on the alternating side, but also as regards change 
of power factor involving no change of current. For if the power 


1907.] ITS EFFECT IN ELECTRICAL DESIGN. 573 


factcr of the А.С. circuit be reduced, the armature reaction at A, is 
increased, which normally causes a fall of P.D., but in this case it auto- 
matically compounds itself by increasing the exciting current. More- 
over, the machine may actually be made so that it over compounds, 
the question of the amount of compounding depending simply upon 
the saturation of the iron paths at A, relatively to those of A,. 

Fig. 11 shows a section through an actual machine constructed upon 
these principles. 

It should be pointed out that when constant current is required, 
instead of reducing the reluctance at А,, Fig. то, we may, if we please, 
increase the reluctance at А, This is very easily carried out if the 
exciter armature be placed at A,, for then any increase of current at A, 
increases the reluctance of the whole magnetic circuit sufficiently to 


drop perceptibly the exciting E.M.F. In this case, then, the air-gap 
A, is not required, but it may be of use in order to give (by allowing 
a second field coil between А, апа A,) a better magnetic distri- 
bution at А... 

These considerations led to the design of the machine depicted in 
Fig. 12. 

Both these types of machine, Figs. 11 and і2, have been made Бу 
Messrs. The Crypto Electrical Company, of London; Messrs. Bertram 
Thomas, of Manchester; and Messrs. Brown-Boveri, of Baden, and 
about 100 are now in use. 

Some curves (Figs. 13, 14, 15, 16) showing how the double-coil type 
behaves are given here ; but since these machines were intended to have 
a large fall of potential upon load (that is, more like constant-current 
than constant-potential machines), the exciting armature was placed at 
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A,, and the principle field coil at Е. Thus, while the characteristic 
from this point of view is good, the magnetic proportions are wrong if 
constant potential is desired ; so that the curves while illustrating 
the correctness of {һе principle do not give at all a fair idea as to how 
far the construction is practicable. Nevertheless the curves, Figs. 14 
and 16, show how large is the range of compensation, and it would bc a 
very easy matter to design a constant-potential machine to give still 
better results. When these machines have been working upon a load 
possessing considerable capacity, I have seen the exciting watts as low 
as 30 or about 1 per cent. of the output. It will be observed in Fig. 11 
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Fic. 13.—Compensating for Current. 


that the exciter armature forms rather a large percentage of thc total 
machine. This is partly on account of the fact that, since these 
machines were constructed to give a falling characteristic, nearly the 
whole of the flux passes through the exciting armature, and partly 
because the exciting armature being surrounded by poles which are 
all of one polarity, proportions have to be adopted different from those 
which are customary in ordinary D.C. machines. In criticising the 
use to which these machines may be put, I should be inclined to say 
that, as constant-current machines self exciting, the size of the exciter 
armature would limit their adoption to comparatively small units; but 
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where separate excitation is adopted, there is no limit to the output for 


which they are suitable. 


In considering in the same way the constant-potential type, I 


should be inclined to think that in such sizes as will entail less than 


a 2 per cent. loss for excitation, the exciter armature and its magnetic 
circuit would be too small properly to allow of the regulation being 


obtained. This, however, needs more practical demonstration. 


I 


should like to point out tbat the self-exciting  constant-potential 


characteristic which corresponds very nearly to that of a sbunt D.C. 


machine, is obtained by having two armatures magnetically in parallel ; 


while the constant-current characteristic, which corresponds to the 


series D.C. machine on heavy loads, is obtained by means of two 
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14.—Voltage Compensation. 


This is a good example of the 


converse of the axiom which I put forward іп the Electrical Review, 


vol. 58, 1906, р. 668, which ran as follows :— 


armatures magnetically in series. 


“Two or more electric circuits excited by being placed mag- 


netically in series (that is, as secondaries upon the same limb of a 
constant-potential transformer) behave as electric circuits in parallel ; 


and similarly two or more electric circuits excited by being placed 


magnetically in parallel, behave almost as electric circuits in series.” 


One use further may be suggested for machines of this type, i.e., asa 


If the alternator armature of the machine 


shown in Fig. 12 be supplicd with an alternating current while the rotor 


new form of molor converter. 


is run up to speed, the machine will run as a synchronous motor because 
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When in syn- 


chronism, increase of load will tend to strengthen the field magnetism by 
reducing the reluctance upon the synchronous motor side, so that the 


the D.C. armature will excite and set up a field current. 


machine will automatically compound for fall of voltage upon the D.C. 


Thus we have a motor converter with its D.C. voltage com- 


pletely under control and tending automatically to compound, while 


side. 


economy and efficiency are obtained by the use of onc field coil for thc 


two armatures. 


Alternaling-Current Motors. 


In alternating-current motors the great importance of the dispersion 


or leakage factor in determining the characteristics of the various 
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motors as exemplified іп the semicircle diagram, has led to a great 
deal of practical research, most of which was brought together at 


the historic meeting of this Institution in London when Dr. Behn- 


Eschenburg read his paper upon the subject. 
ever, the great advance which has been made in the direction of 


Since that date, how- 


alternate-current commutator motors necessitates the division of the 


subject here into (1) motors without salient poles, and (2) motors with 


L4 


Го the former class belong all induction motors and, 


indeed, all those motors which depend upon a rotating field for their 
performance, among which must be reckoned the ordinary repulsion 


motor with its various modifications. 


salient poles. 


e 


l'he results in the paper referred 


to give for the most part an excellent approximation for the designer's 


guide in estimating the leakage factor, and it is only necessary for me 
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Now, since the 


theoretical short-circuit current (іп Fig. 1, О B) is the terminal voltage 
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divided by the calculated reactance of the windings, whilst the 


here to draw attention to one or two points which appear to some 
The first of these is the fact that no distinction is drawn in the 


extent to have been overlooked. 
theoretical no-load current (in Fig 1, ОА) is the calculated magnetising 


current, it follows that the latter is the same whether ordinary or 
hemitropic windings are used, while the former is smaller with the 


paper between ordinary and hemitropic windings. 
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If f be the number of C.G.S. leakage lines 


produced by unit (C.G.S.) current in one turn of a coil, and / be the 


hemitropic winding than with the ordinary winding. This is easily 


proved as follows: 
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number of turns in the coil, then the coefficient of sclf-induction for 


that coil 1$ 
In а hemitropic winding we have С coils in series per phase and / turns 


per coil, so that reactance per phase (hemitropic}— 


thus the reactance per coil— 
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In an ordinary winding we have two С coils in series per phase 


and А turns per сой- 


Reactance per phase (ordinary)— 


= Pf 
Е a Ше > xx) 
and obviously (т) is twice (2). 

In practice the hemitropic winding is not found to have a reactance 
equal to twice that of an ordinary winding, probably because the above 
calculation assumes that in each case the leakage lines of each coil only 
link with the turns of that coil, which is most unlikely; and also 
because the fraction of stator face devoted to the wires of one side of 
а coil is usually greater in the hemitropic form. But there is in prac- 
tice a difference, though it is not so great as 2:1 ; and this is almost 
certain to be the case, because the inductance of the end connections 
of a hemitropic winding is twice as great as the inductance of the end 
connections of an ordinary winding, and also because fewer slots are 
used in the hemitropic case. In my opinion the difference between 
hemitropic and ordinary reactance per phase is in the proportion of 
about 5: 4. 

Another point to which I wish to draw attention is the discrepancy 
in Dr. Behn-Eschenburg's formula pointed out by Professor S. P. 
Thompson, 1.е., the fact that in the second term the factor which takes 
into consideration the bridge of the slot has bcen omitted, so that 
instead of— 


jede 08 
N? XNI b 

we have— 
DES. ip Hone 64 
N: ХМЛ b 

where— 


= Mean valuc of slots per pole in rotor and stator. 
—  Air-gap length in mm. 
— Gross axial core length in mm. 
Mean edge thickness of tooth for open slots 
=Mean of саре thickness of stator teeth and of thick- f. 
ness ot thinnest part of iron bridge over rotor slots : ER 
when closed. 
Average slot opening for open slots in rotor and stator 
—Average of slot opening in stator and length of 
thinnest portion of iron bridge over closed rotor 
slots. 
T= Pole pitch measured upon stator face reduced by (X x N) 
in mm. 
This change renders the formula a simple numeric (1.с., without 
dimensions) and results in a better approximation for the valuc of г. 
A third point omitted bv Dr. Behn-Eschenburg is tbe effect of 
“squirrel саре” against “ wound ” rotors. Naturally for the former v 


in mm. 
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will be less than for the latter, and this change is, I think, about in the 
proportion of 0'9: т. 

The following are some calculations which show the sort of 
approximation obtained with this expression :— 


TABLE VIII. 
VALUES OF v IN INDUCTION MOTORS. 


-—— — —— 


Motor Number. 1 2 3 4 
| Maker ... | Electrical Co. | Oerlikon | Brown Boveri | Siemens Bros. 
Phases 888 3 3 2 3 
Ошрщ 25% 5 Н.Р. 5 2 5 
! Poles ... sue 4 4 6 6 
Speed (sync.) 1,500 1,500 2,000 1,000 
“Ty КҮШІК Star Star ) р [ Star or A 
Туре winding || hemitropic |hemitropic |) Ordinary 4, ordinary 
ec iis 50 50 100 50 
v calculated ... 0'0563 0'048 0:087 0'07I 
| У from test ... 0'054 0048 0077 0:067 
| Wound 
| Rotor ... bs Wound | but short- |: Squirrel-cage' Wound 


circuited | 


No allowance has been made for hemitropic windings or squirrel- 
cage rotors in the above, and my belief is that for hemitropic windings 
and wound rotors the formula is right. For ordinary windings it must 
be multiplied by оо, and for squirrel-cage rotors by o'9. 

These results on four motors chosen at random show that there is 
little fault to find with the calculation of v by Dr. Behn-Eschenburg's 
formula, and when the value of the leakage factor in such machines as 
those given above is compared with that of similar sized continuous- 
current motors, one is struck with the effect which a small air-gap and 
a coil close to the armature have upon the machine. 

The 5-H.P. motor in column 1 has a leakage factor 1:054, whilst the 
5-H.P. D.C. motor we were considering at the beginning of this paper 
has a leakage factor as large as 1:35. 

Well may induction motors be smaller than continuous-current 
machines ! 

Having thus shown that little improvement is to be looked for in 
the calculation of the leakage factor of rotating field motors, I pass on 
to the machines with salient poles. That the principles laid down as 
affecting continuous field design are much better recognised in the 
world of alternating currents is sufficiently apparent. Nearly all salient 
pole A.C. motors are fitted with field coils spreading almost over the 
pole pitch and the pole is kept short, while neutralising windings аге 
used to reduce the armature leakage. These devices (on account of 
the mischievous effect of magnetic leakage in A.C. work) have had to 
be adopted by A.C. designers, and those engaged in the design of con- 
tinuous-current machines would do well to profit by them. Harmful 
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leakage in salient pole alternating-current motors is reduced to a 
minimum. Useful leakage, on the other hand, has never been made 
much of. In the starting up of single-phase motors it has been utilised, 
as also it is thc principle rcally involved in the repulsion motor. I wish 
to show that it can be quite as well employed in that modification of 
the series motor which I first suggested at a meeting of this Institution 
about twelve months ago. It will be remembered that after that 
meeting my suggestion was much criticised in the electrical press; 
statements being made to the effect that such a motor would have low- 
power factor, practically no torque, low efficiency, not really a series 
characteristic, сіс. 

It was my original intention not only to give a full theoretical 
explanation, but also to show a full practical test of such a motor, but, 
unfortunately, owing to the fact that the makers delivered the machine 


m 


FIG. 17. 


a month late and with a scrious short on it my test must be delayed for 
a few weeks. In the meantime I give the theoretical figures and 
advantages ; which is most easily done by commencing with the semi- 
circle diagram for a series motor. 

When the armature is locked, a plain series motor behaves exactly as 
a choking coil, i.e, if in Fig. 17 OA represents the locked current for 
full terminal P D, then it also represents to a voltage scale the reactance 
drop in the motor, and A B at right angles to O A represents the resist- 
ance drop. O Bis therefore the voltage to drive the current О A against 
the motor impedance, that is, the full motor PD; whilst ОВА is the 
angle of lag of the machine current behind the applied P D. Releasing 
the armature and allowing it to run (still keeping the terminal P D con- 
stant) we have ап E. M.F. set up in the armature windings practically 
in phase with the main ficld flux, but, like the resistance drop, opposing 
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the armature current. This has the effect of reducing the current OA 
through the addition of ап E.M.F. in phase with the armature-resist- 
ance drop ВА. Thus ВА is increased to B C, and BCO still remain- 
ing a right angle, the current line OA has for its locus a semicircle 
upon OB as base. 

Reduction of ОА to OC, of course, proportionally reduces the 
resistance drop, so that A moves on the semicircle АОВ, whilst С 
traverses the semicircle В С О. Thus for any position C, to the current 
scale (fixed by O A as short-circuit current A B O as angle of lag given 
by the wattmeter)— 


OC = current taken. 


To the voltage scale (fixed by О B = full terminal volts)— 


ОС = motor-reactance drop, 
B D = motor-resistance drop, 
C D = back E.M.F. 


Also since output = back E.M.F. x current, it is =C D x СО, or 
proportional to the height of the perpendicular from C upon ОР, і.е., 
to C F. 

The torque is proportional to О С°, 

Now the above diagram has to be modified in practice to take 
account of saturation and iron losses, but it is near enough to prove 
substantially that if— 

I. The resistance voltage be low (B D), and, 

2. The back E.M.F. be high (D C) compared with the reactance 
drop (C O). 

Then the motor will be good both as to power factor and efficiency. 

I and 2 above are easily attained іп practice by well-known 
means. Now if having designed an ordinary series bipolar motor 
such as that shown in Fig. 18, I apply to its top another limb like 
Fig. 18a, properly wound, and attached to the mains ; and if then I 
join the free end of the present field to the free brush, I shall have a 
motor whose main and leakage magnetic paths are in parallel exactly 
as they are іп an ordinary induction molor ; with these differences : 
(1) that in an ordinary induction motor the torque is produced by the 
main field and the rotor current, while here it is by leakage field and 
rotor current ; and (2) that in an ordinary induction motor all the 
B.H.P. has to cross an air-gap, whilst here only part need cross it. 

These two points are well brought out in the change in the semi- 
circle diagram. 

The new primary coil will have a very small resistance, and 
consequently at constant terminal volts the flux through it will be 
practically constant and the magnetising current practically constant 
also. If the joints in the circuit be good, there is no reason why the 
magnetising current should be large, and we may draw it as OG, 
Fig. 17; so that the total primary current is now OH (= СС). 

Vor. 88. 38 
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The flux across the air-gap will now be slightly increased, but also 
slightly shifted in phase away from O C towards G C, and so the torque 
still remains practically oc OC*. 


О € 
FiG. 18. 


The power factor is changed from cos СВОЮ cos СС E, and the 
primary current from C О to СС. 

Otherwise the motor remains precisely as before, excepting for the 
fact that we may wind the high-tension side for any voltage we please 


A 


B 


FIG. 19. 


(and a very simple coil it is), and we may regulate entirely on the low 
tension, which windings might be stocked for each size. Also this very 
change admits of possibilities of improving the slightly reduced power 
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factor and of immensely improving the commutation by altering the 
number of armature and leakage limb turns respectively. Thearmature 
of self-induction is always a problem in H.T. motors, and it is this 
problem which affects both power factor and commutation. 

Now the self-induction of the armature depends upon 


(the armature turns per pole)", 


thus a small decrease of the turns produces a large change in the co- 
efficient of self-induction, and hence also a large change in power 
factor and commutation conditions. Or, to put this matter in another 
light, these motors may be built with fewer poles than ordinary series 
motors for the same power factor. Of course there is no difficulty 
about multipolar designs for this type of machinc. 

The nearest parallel to the above motor in use at the present day is 
the repulsion motor represented diagrammatically in Fig. 19. In this 
motor the short-circuited armature is fed through induction by coils A, 
while coils B provide the field flux. A and B are placed in series across 
the mains. When the locked test is applied to such a motor, it is seen 
that the coil А is relatively non-inductive compared with the coil B 
hence a phase displacement of flux takes place, settiug up a rotating 
ficld somewhat similar to the starting system of an ordinary single- 
phase induction motor ; and in order to take full advantage of this, 
a stator without salient poles, like that of an ordinary induction motor, 
must be provided. 

А comparison of Figs. 18 and 18 a reveals the fact that for electrical 
circuits in series magnetic circuits in parallel are used, which is an 
additional confirmation of the principle just laid down (page 575). Also 
we note that in Fig. r9 not only has a flux at B to cross the air-gap, but 
also a flux at А, so that the whole energy imparted to the rotor has to 
cross the air-gap. This is the secret of the low-power factor obtained 
with repulsion motors. For the sake of clearness, we may compare 
four motors with similar characteristics, as follows :— 


TABLE IX. 
Scries Motor Sepe Hot Repulsion Cramp 
Simple. чан: Motor. Motor. 
Suitable to Voltage ... | Low only Any Any Any 
Power factor... | Good Good Fair Good 


Commutation... | 


Depending | Very i Only good | Very 
on voltage good atsync. | good 
Iron weight ... és I 1775 ГІ 1:5 

Copper weight I 1'75 I'3 I'35 
Easy to wind... iss Very Very No Very 


It is thus seen that for low voltages the simple series motor is best, 
while for high voltages my motor is best ; a verdict which I hope 
shortly to be able to endorse by definite tests. 


Мг. Frith. 
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I have now shown, I think, that the subject of magnetic leakage is 
one deserving of great attention, and I trust that the original work here 
set out may prove productive of much more on the same lines. It only 
remains for me to thank those who have helped me in this work ; forc- 
most among these stands Mr. Garner, whose patience and capability 
have contributed largely to whatever of interest the paper exhibits. 
My thanks are also due to Principal Reynolds, the Technical School 
Committee, and the Electrical Department of the School. Also to 
Messrs. Wood and Browning, students of the School, who have 
willingly given me help; and to Messrs. Henry Simon, Ltd., who 
have lent me the machines for exhibition. 


DISCUSSION. 


Mr. J. FRITH: The author begins by a campaign against the standard 
shape and form of continuous-current motors. We have always been 
used to continuous-current machinery with shaped poles and a yoke, 
and we are told that the machine on the table, which is like four hat- 
boxes, is a very good form of continuous-current machine. I must say 
the arguments brought forward to support it are all very good, but I 
do not like the look of it, and there is no doubt that small motors, at 
any rate, are sold more or less by their looks. In the comparison 
of costs the author does not say on what basis the copper and steel 
costs are worked out. With the metal market going up as it is, one 
form of motor may be the cheapest to-day and another form to-morrow. 
The long coils do not appcar to me quite the right thing. The next 
thing in the paper is a method of magnetising from the armature. 
That opens out a great deal of very interesting work. I wonder some- 
thing has not been said in connection with the continuous-current 
dynamo introduced recently in this country for train lighting. It is a 
very good example indeed of that class of machine. The machine 
mentioned in the paper has a double-wound armature; this, instead 
of having to use another winding and another commutator, has twice 
as many pairsof brushes as poles. A two-pole machine would have two 
sects of brushes with one set short-circuited, and in that way the onc 
armature carrics both the magnetising and the main current. That 
the magnetising current in one half of the armature is helped by the 
armature current in the other, and is also independent of that current, 
is not fully explained. We are given a set of phenomena where the 
effect is apparently independent of the cause, and I am sorry that in 
the Table IV., which demonstrates that point, the main current is only 
given between the limits of 158 amperes and 226 amperes, I should like 
to know when that effect begins ; it cannot be there on quite open circuit 
because there would not be then any main current. It would be rather 
interesting to study what happens between the time when this begins 
and the time when it becomes independent of its cause. The author 
has brought out another interesting question as to what is really the 
magnetising power of a current in an armature, i.e., a current that goes 
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all round the circular armature instead of being wound round the 
fields. Тһе curves in Fig. 8 are not entirely conclusive. There is 
an element of assumption and calculation about them, but certainly 


a better result is arrived at than 2. The real magnetising value of a 


current carried by an armature is a question which would pay for 
a little research. Of course it is quite plain that the fact that the mag- 
netising current is helped by its armature current is only true when 
the machine is being used as a motor. Turning to the section on 
alternators: an exceedingly interesting form of inductor alternator 
is described, which can be used both for constant current and constant 
potential. I am sorry that it is an inductor alternator, because I think 
that form of alternator is played out, and it is rather a pity that such 
a lot of ingenuity is more or less wasted by its connection with an 
inductor alternator, unless perhaps the new method will bring the 
inductors into favour again. As a constant current machine it does 
not interest me much. It is very easy to build an alternator with very 
nearly constant current. Тһе interesting point is when the same соп- 
struction is used to make a constant potential alternator, which is quite 
another thing. I think it is a very ingenious method which makes the 
stray field work the exciter, and the author has passed by it with too 
much modesty. I think the principle of making the armature stray 
field magnetise the exciter is a very pretty one indeed, because it not 
only compensates for the amount of external current, but also for its 
phase, and that is a very difficult thing to do in compound alternators, 
but the method in question very ingeniously uses the waste field, the 
thing that is doing most of the harm, to get over that difficulty. 
Coming now to the section dealing with induction motors, we are all 
glad to hear more of the curious “Сгатр” motor. The limit of а 
series motor is the voltage that it can be wound for, and the new 
motor is a series motor with its own transformer on the top of it. 
Suppose a series motor with its transformer were put in a box we 
should get a diagram exactly like that shown in Fig. 17. There 
would be the magnetising current of the transformer coming in, and 
it would be absolutely indistinguishable from the motor shown on the 
table. 

Dr. C. C. GARRARD: On page 581 it is stated that the advantage of 
the Cramp motor over the ordinary induction motor is that only a 
certain proportion of the B.H.P. has to cross the air-gap. I cannot 
understand that. It seems to me the спегру must go across the 
air-gap, just the same as in other motors. 

With regard to Table III., the author shows an advantage in the 
cost of the two machines of about 4 per cent., but he is comparing 
а 5-k.w. with a 6-k.w. machine. If machines of the same output had 
been compared, the advantage as regards cost per k.w. would be the 
other way. 

Mr. C. Е. SMITH : In Table IV., column 8 amounts practically 
to the fact that the field which gives the voltage measured at the 


Mr. Frith. 


Dr. 
Garrard. 


Mr. Smith, 


Mr. Smith. 


Dr. 
Bowman. 
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high-tension terminals is practically constant, no matter what thc 
low-tension current supplied to the armature to run it as a motor. 
The low tension ampere turns appear to be without any effect on the 
flux which produces the voltage at the high-tension terminals, although 
the flux is really produced by the low-tension ampere-turns. The 
author states that he is not satisfied as to the explanation of this 
apparently contradictory result. As helping towards a possible ex- 
planation, it may be worth pointing out that the back voltage at the 
low-tension terminals does not increase in the same proportion as the 
speed, which is evident by comparing column 9 with column 1. 
Supposing that the flux producing the low-tension voltage remained 
constant, the voltage at the low-tension terminals would increase in 
tbe same proportion as the speed of the motor, which is an increase 
of practically 1 to 10, whereas the actual increase is only in the ratio of 
I to 674 instead of т to то, so that the flux produced by the constant 
excitation applied through the high-tension brushes appears to 
diminish to the fraction 0°67 of its original value as the speed 
increases through the range shown in the table. That means that 
at the highest speed the apparent flux producing the. low-tension 
volts is only 0:67 of the flux which exists at the lowest of the speeds. 
Supposing that the high-tension flux increased in the same proportion 
as the ampere-turns supplied to the low-tension brushes, the flux would 
increase in the proportion of 158 ampere-turns to 226 ampere-turns, 
since the flux may be supposed to increase in the same proportion as 
the current producing the flux. If the effect of leakage which the 
armature current seems to induce is the same on the circuit between 
the high-tension brushes as it is on the circuit between the low-tension 
brushes, the effectiveness of the actual flux will be reduced as before 
by the fraction 0°67. By actual multiplication it appears that if we 
multiply 0:67, the apparent diminution of the flux on the low-tension 
brushes, by the ratio of the currents 226/158, the value of 
226 eum. 
158 X 0°67 = гот 

obtained will be seen to be the actual ratio between the flux for the 
low speed and the flux for the high speed, making the flux an ap- 
parently constant quantity for the machine used. It would thus be 
to some extent an explanation to say that the leakage cffect produced 
by the increased armature current acts on the circuit between the 
high-tension brushes in exactly the same way as it acts on the circuit 
between the low-tension brushes, and would account for the fact that 
the ficld appears to remain constant. Possibly the action may be 
found to be something in the nature of a general change of the axis of 
the total ficld. 

Dr. Е. Н. Bowmax : We all know how the tendency is to distribute 
power in small units, and for that purpose we require small motors, 
which, as we know, have been very inefficient. I am not particular 
about the shape, and when I saw the motor on the table I thought we 
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had something new. I ain glad to see that by the alteration to the 
form, and putting the coils inside instead of outside, and doing away 
with the yokes, we get a machine that gives a larger output for the 
same size, and is apparently more economical. But when I see that 
there was 52s. worth of copper instead of 36s., and I know the price of 
copper, I think it will have to be deferred until another time. There is 
one thing which strikes me in the opening pages. The author divides 
the leakage into that which opposes the attainment of the ideal charac- 
teristic at which a designer aims in any particular machine, and that 
which assists the designer to attain the end at which he aims. I think 
that is exactly the way in which the biologist talks about microbes ; 
some are inimical to life and some advantageous, and the author seems 
to be doing in his apparatus exactly what they profess to do in 
medicine; while he cannot decrease the quantity of the inimical 
microbes, he increases the quantity of those that are amiable to 
utilise them to advantage. 

Mr. H. W. WiLsoN: In Figs. 3 and 4 there are very pretty 
illustrations of machines which the author considers would have a 
very much better leakage coefficient than the ordinary standard motor 
we are generally acquainted with. I have seen one or two machines 
built after that plan; there was one designed for motor-car work, 
which waslike Fig. 4. He does not claim that those machines have 
a higher efficiency than the ordinary motor, but only that they 
would be more economical to construct, and that they would be of 
smaller size and weight for any given output. On that basis I do 
not think that the increase of efficiency that Dr. Bowman is hoping 
for is very probable. The author states that his new machine will 
have a cylindrical cooling surface distinctly larger than that of the 
ordinary motor ; but my experience of those machines where {һе field 
magnet coils are brought down close to the armature is that they have 
a very greatly increased temperature rise as a гше. Mr. Cramp speaks 
rather disparagingly of the Lundell motor, and my opinion about the 
Lundell motor is that it has missed its vocation, and is meant for a 
piece of heating apparatus, and not for a motor. Some of the designs 
present would also have the same effect, because the machines do not 
appear to be as well ventilated as the ordinary small motor, and I think 
it will be necessary to build machines and carefully test them to find 
out whether there would be any advantage. Theoretically, it ought to 
be possible to reduce the dimensions ; practically, I doubt whether it 
can be done very materially. In another part of the paper, where 
the author speaks about the possibility of doing away with windings 
on the field magnet circuit altogether, and having the magnetic 
winding and the armature winding both on the armature, I gather 
in one place that he seems to have abolished armature reaction 
altogether, or rather that the armature reaction keeps constant at all 
loads. I should like to know if he can give any explanation of that. 
Like Mr. Frith, I am anxious to know what curve D in Fig. 8 
means. Mr. Cramp said that the machine on the table is a purely 
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experimental one, and that the shape of the coil as shown in the 
machine on the table does not represent anything definite, but I 
must confess that I am still in the dark as to what the coil is for. I 
can see that it has a sort of transformer action. I should also be glad 
to know whether that machine can be built other than as a bipolar 
machine. 

Мг. В. GOLDSCHMIDT : The author gives the coefficients of leakage 
of the machines shown in Figs. 3 and 4 as r4 and r'1 respectively, 
that is, the leakage of the ordinary machine is four times as much 
as his special design. That certainly does not look quite correct, 
as the leakage lines passing through the field winding itself from pole 
to pole and from the poles to the end brackets are very considerable in 
the latter case. Further, I wonder if he can with many designs 
afford such big holes in the middle of the poles as are shown in Fig. 4. 
I find that one usually is glad with most machines to accommodate the 
necessary field winding and the section of the poles necessary to carry 
the flux without any allowance for air. The author states that he gains 
in ventilation. Is not the armature very much more boxed in than 
with the ordinary design? With regard to the leakage coefficient of 
induction motors, I agree with his statement that the leakage 
of hemitropic windings is certainly more than half that of ordinary 
windings, and that both are more nearly equal. In the author's alter- 
nating commutator motor the ampere-turns of the coil on the top of 
the machine are practically in phase with those of the proper field 
coils, provided that a good joint exists between the top yoke and the 
horseshoe portion, just as in a series transformer. All exciting ampere- 
turns having equal phase, the whole character of the machine must be 
that of an ordinary series motor. ‘he top yoke might be left off, and 
the coil on it put in series with the ordinary field coils on the horse. 
shoe, and naturally the motor would in that form be a low volt motor 
only. It would be interesting if the author would give a sketch 
showing how the special yoke and the high volt coil would be 
accommodated in, say, a four-polar railway motor. He remarks at 
the end of the induction motor portion of his paper that induction 
motors are smaller than continuous-current machines, because the 
leakage factor of the former is smaller. Surely the leakage factor 
is only of secondary importance with regard to the size of machine. 
Its influence on the behaviour of the machines themselves is entircly 
different in both cases; an induction motor with a leakage factor of 
гісіз bad, a continuous-current machine with 15 per cent. leakage is 
very good. 

Mr. W. CRAMP (in reply): I must agree with Mr. Frith in that some 
apology is due for the arrangement of the paper. If I had to re-write 
it I certainly would not arrange it in quite the same way. Аз to Mr. 
Frith's remarks on the appearance of machines, I cordially agree that 
for selling purposes it is most important that a machine should have а 
pleasing appearance, and so convinced am I of the truth of this that I 
lay great emphasis on it cach session at the School of Technology. 
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But though in section my machine may appear extraordinary, it 
certainly is not necessary that its appearance should in reality be 
at all uncommon. I think that Mr. Frith made too much of the 
question of field coil dimensions, as many firms with ordinary pattern 
motors do not attempt to adopt the most economical coil shape. With 
respect to the tables of costs given in the paper, all the figures were 
based on the nominal prices of copper at 15. per lb., cast iron at 144. 
per lb., and cast steel at 23d. per lb. I am glad to endorse Mr. Frith's 
views as to the recent train-lighting dynamos, which are undoubtedly 
good examples of magnetisation from the armature. 

With regard to Mr. Frith's remarks on inductor alternators, there is 
no reason why the same principle which is involved in the self-exciting 
inductor machine should not be applied to alternators of ordinary 
form. Іп explanation of Fig. 15, I would say that Figs. 14 and 16 
were taken for one frequency, Fig. 15 for another, and it is clear that 
there is a certain frequency at which the machine behaved best. 
Further, Figs. 14, 15, and 16 were all taken for a constant current 
of 1o amperes. In considering that the alternating-current motor 
shown is essentially the same as a series motor with separate trans- 
former Mr. Frith is quite in error, for the economy obtained over the 
latter combination is very marked both in copper and iron, as shown 
by the comparisons given in Table IX. 

Coming next to Dr. Garrard's remarks, as no air-gap is necessary 
between the motor proper and thc limb in Fig. 18, there is no necessity 
for the power appearing at the brushes to cross any air-gap. With 
regard to Table III., I feel sure that Dr. Garrard is in error in thinking 
that the difference in specific cost for 5- and 6-k.w. machines respec- 
tively is as much as 4 per cent. 

I thank Mr. C. F. Smith for his suggested explanation of the 
phenomenon referred to on page 565, and it seems to me that that 
explanation is right. 

Referring to Dr. Bowman's remarks, ту object was for a given 
efficiency to reduce the size and cost of the machine rather than to 
raise the efficiency of existing sizes. 

In answer to Mr. Wilson, Lundell machines undoubtedly do get 
very hot indeed, but the designs shown in the paper сап be ventilated 
very easily and efficiently by a simple slot in the middle of the thin 
part of the pole. 

In reply to Mr. Goldschmidt, the cocfficients of leakage given in the 
paper were estimated from actual machines of similar type. I am glad 
to have Mr. Goldschmidt's confirmation of my statements concerning 
hemitropic windings ; but in his criticisms of the new A.C. motor 
Mr. Goldschmidt is, I think, entirely wrong. Тһе effect of placing the 
upper coil around the lower limbs, and doing away with the upper 
limb, would be to change a motor with a good series characteristic 
into a bad shunt motor, and to convert a machine which depends for 
its action on magnetic leakage into one which is practically independent 
of this principle. 


Mr. Cramp. 
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CAPE TOWN LOCAL SECTION 


MODERN TRANSFORMER DESIGN. 


By Professor H. BOHLE, Member. 


(Abstract of Paper read Fune 14, 1906.) 


EXPLANATION OF SYMBOLS AND EXPRESSIONS. 


Вт = flux density (amplitude). 
c, C = coefficients. 

D = density of copper. 

О; = density of iron. 
d = diameter of circle circumscribing core. 
d, = distance between two such circles. 
1 = primary E.M.F. 
f = frequency. 
fi = space factor of iron core. 

fc = space factor of copper windings. 
f — form factor of E.M.F. wave. 

f, F = functions. 

h = height of core. 

I” = current density. 

Kj, KM, Кг, Ke, К, = constants or coefficients. 
K.V.A. = kilo-volt-amperes. 

М; = weight of active iron. 

Мс = weight of active copper. 

N, — primary turns per phase. 

М, = secondary turns per phase. 

Ру = total losses in watts. 

Рс = copper losses. 

Р = price of active material in shillings. 
Р; = total price of transformer. 

fc = copper losses ) кн 
ТКЕН thus that fc + fi = Т. 
p = specific resistance of copper. 

V, = primary terminal P.D. 

V, = secondary terminal P.D. 


The most essential features of a transformer are a high efficiency 
at various loads, a good regulation for all power factors, a reasonable 
temperature rise, a small magnetising current, durability of the 
insulating matcrials, and a low initial cost. 
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The degree of efficiency of a well-designed transformer is largely a 
matter of cost, and in determining the most economical efficiency for 
any particular working conditions the relation between capital cost of 
plant and cost of energy must be taken into account. In all cases the 
efficiency of a transformer should be such that the rentability of the 
plant is a maximum. We find this efficiency for known working 
conditions as follows :— 

The cost of the active material of a transformer P isa function of 
the efficiency п, so that— 

Р = f(n). 


The cost of the inactive material, such as cases, cooling oil—if апу 
--апа the expenditure caused by wages, power required for machine 
tools, etc., are partly proportional to P, partly constant, so that the total 
price of the transformer P, is expressed by— 


P,—C + СР shillings. 


Where C and c are coefficients, the former oscillating between 1:5 P 
and o's P, the latter between 20 and r2, according to the size of trans- 
former, the mode of construction, and the locality of the manufacturing 
works, being constant for a given size and known manufacturing 
conditions. 

Тһе expenditure caused by interest and amortisation, at р per cent., 
is— 

PC+pcP=pC + рс} (п). 

Тһе cost for current consumption is also a function of the efficiency, 
and equal to F (n), following a straight line for a given price per kilo- 
watt-hour, so that the total working costs are equal to— 


PC +Вс/(н) + Е (n) 


When this is a minimum— 


(п) = — -+ xF'(», 


; pc 
and since— 
Е’ (n) = tan a, 
and— | 
/' (n) = tan £, 
tang т 
tana pe i 


1.е., the most favourable point in the curve P =f (у) is that point the 
tangent of which forms with the axis of abscissæ an angle р, the — 
sign denoting that the angles a and В are to be plotted in opposite 
directions with regard to the axis of abscissa. АП we require to know 
arc the values of р and c, the cost per kilowatt-hour, and theaverage or 
annual load. 

When a definite copper loss has to Бс assumed on account of the 
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“drop,” which may have been specified, we obtain the most favourable 
ейсіспсу without requiring to know the annual load by plotting as 
abscissz the iron losses f; P; and as ordinates the price of the active 
material P =f (f: P), where P; denotes the total losses, plus the cost 
of the kilowatt-hours to cover the iron losses, the latter being equal to 
Е (p, P). 

For unknown working conditions the efficiency has to be assumed, 
for which purpose the curves in Fig. r, a and b, may be employed. 
As the temperature rise is roughly inversely proportional to the 
efficiency, the latter must be high enough to prevent excessive heating. 
Curve a in Fig. 1 gives the efficiencies of transformers with natural 
draught cooling, the temperature rise of which does not exceed 50? C. 
(90? Е.). 

The regulation at various power factors depends upon the E.M.F.'s 
of resistance and leakage reactance. The latter is proportional to the 
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square of the number of turns, and depends further upon the disposi- 
tion of the coils. By employing long and thin concentric windings, or 
highly subdivided sandwiched coils, the pressure drop may always be 
kept within reasonable limits. 

The method of cooling depends chiefly on the efficiency of the 
transformer. From a commercial standpoint it pays to accelerate the 
dissipation of heat by means of oil for all sizes above 50 to 8o K.V.A., 
and by mechanical cooling (forced draught or combined oil and water) 
above 250 K.V.A. The dissipation of heat depends slightly upon the 
copper space factor fe that is, the ratio— 


сы space absorbed Бу the copper of the winding 
d total available winding space ° 


If f, be large, we obtain a comparatively small transformer, but the 
chances are that little space is left for properly insulating the coils, and 
ventilating ducts are out of the question. Fig. 2 represents the space 
factors of transformers for outputs varying from то to 1,000 K.V.A., for 
P.D.'s up to 40,000 volts. Oil-cooled transformers may be given а 
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longer space factor than blast-cooled designs, since oil itself is an 
insulator. 

The magnetising current which influences the power factor of the 
plant on account of being chiefly wattless, may be made small by 
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employing a short magnetic circuit, a small flux density, iron of a high 
permeability, and properly constructed joints. 

The subject of the calculation of the main dimensions has been 
fully treated in a previous article by R. Pohl and the author.* The 
formulae were deduced for a single-phase core transformer of the 
cruciform type, and the principal equations are as follows :— 


I" В" hd, а? 
87% K.V.A. X 10? _ К, = amps. ., kilolines X 
J fife mm.* cm.? 
_ 5'7 X KV.A. x то? |, _ amps., kilolines, . 1, 
Bi J fife je inch? inch х қама 
kilograms 
= —6 f аз 
М; = 12 X 10 *f,d?(2d +d, +h) m 
= 0'44 f; d? (2 d + d, +h) е ; (2) 
3 І inch? . . . б . А. 
алу kilograms 
— —6 UICE Sene 
Ио fh (аа, + =) mm.3 
ауу 165, 
= (4 ш 2) inch3 ' (3) 
I" B” p K; 
DX D, х Км ные % ДД) 
Mec d fi he М, 
== 1” в” р К — Км 
p^p e pde ue Че ш d) 


* Electrical Engineer, vol. 36, 1905, рр. 446-449 and рр. 519-521. Elektrotechnische 
Zeitschrift, vol. 26, pp. 897-900. 


594 BOHLE: MODERN TRANSFORMER DESIGN. [Саре Town, 
By combining these equations we obtain— 


I" B" d^ (2 d +d, +h) 


_ КмР, Pe Pi amps. _ kilolines 
is ч = К, mm. Х cms Х mme 


D, X KM 


= КмР ЖІ de amps. ~ kilolines x inci 
0'44 f; Lm K; x К inch? inch? 
p^p ^^" "Ps 


I^" В” (4 а, + б”) h 


= Р, | pho amps. _ kilolines Е 
== 28 X XN? x К, е K = K, Е X Tons x mm. 
р Хр, 


E © Pepi — g amps. kilolines  . 5 
E NE K; а К, iuchs * "inch? ^ inch 


= K, 8 
а.=24 (4—1) и... 8) 
К; 
dc S 
I” B” = K, (9) 
ке 
К ОО 


EC 
h= рр аа” 


For the determination of the main dimensions we proceed as 
follows :— 

By means of equations (т), (5), and (6), we find the coefficients Ky 
K,, and K,, then from (8) d,, by assuming several values of d, and from 
(9) I” В”. d and I" B" are next plotted, and the curve thus obtained 
gives the most economical I" В” and d. The corresponding d, and 
h are then determined by equations (8) and (ro) respectively. The 
separate values of I'" and B^ are expressed by— 


ОР 
е dii: 11) 
: ip, M. | 
В” = ГВ” "RE" (12) 
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We obtain further— 


М = E, X 107 volts 
pee US udis ее mm.? x | 4 И RET 
ftf, A Ве mm^ x kilolines per cm. 


DS Ld volts 
f 17, $7 B" mm.? X kilolines per cm.? nearly 


EA с Чок... 
"nmi amr B^ inch? x kilolines per inch? 
and— 
У, 
М, — V, X N, 


For 3-phase transformers, of the unsymmetrical core type, all cores 
being arranged in one line, the equations read as follows :— 


hd, d? I" B” 

— 3°82 X 10 x К.У.А. _ |, amps. _ kilolines 

Shife ~ 5mm? ^ cm? 

= 3°82 X 107 x K.V.A. =K 
these Е 


Р М, 

М, = ERA Рр . —À 5 
Км үз В” К, ! Мат 

P хх Км M 


I" B" d* (3 h -- 4d, + ба) 


Ky P, М amps. _ kilolines 
= ee ts КЕЙ _ pope = = К « ate шатын ‚3 
6 x 1075f; p " K; x К ^ mm.? A cm.’ Rm 
pog Sma 


ESAE Pe Pi — Kamps: „ kilolines E 
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1 K, 
Г’ В” = Ко d, =} К; 
а а, (4d, + 6d) 
As К; 
i= I’ В” а, аз 
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For shell transformers the equations are also easily deduced. 

For the deductions of the above formulze it has been assumed that 
the total losses are a minimum when the flux density is constant along 
the whole magnetic path. This is, however, not the case, and it may 
be proved that better results are obtained by making the flux density 
in the core approximately twice as high as that in the yokes This 
modification may easily be introduced when the principal dimensions 
have been determined. The saving of active material thereby is often 
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considerable, especially in the case of shell transformers, but the 
cooling area is reduced and the magnetising current increases. 
Example.—It is required to design a 5,500-watt lighting tram" 
former with a maximum pressure drop of 2 per cent. at full load, 
transforming from 2,000 volts to 220 volts at 5o periods. The tran* 
former is only occasionally fully loaded, so that the iron losses should 
be small. The alloyed iron, as manufactured by Kapito and Klem, 
Benrath, is suitable for such а design. The loss curves for this 1700 


* 


are illustrated in Fig. 3, and the factor D in Fig. 4. 
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The resistance E.M.F. is here almost identical with the percentage 
copper losses, since the load is non-inductive, so that the copper losses 


must be limited to 2 per cent. 
We procure the most favourable efficiency by plotting the curve 


P =f (f: Р), obtained by assuming various iron losses, the primary of 


the transformer running for 24 X 365 hours annually. 


09 


VoL. 88, 
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The price per kilowatt-hour is 144. 
The price of the iron per unit weight is equal to that of copper, 
so that— 


Км = м = т, hence М, =М.. 


Cocks my | о 

р = 2'5 kilograms corresponding to a rise of 50° C. 

К 1'94 X 1077 (sce Fig. 4, corresponding {о В” = 10,000 and 
d A = 05 mm.) 

Jı = 0:68 = core space factor 


f, = 0°35 = copper space factor | assumed, 


The copper losses at full load are equal to 110 watts (2 per cent.). 
We assumc the following iron losses :— 


P, — 40, 55, 75, 100 watts, 


and calculate by means of the equations (1), (6), (7), (8, and (9) the 
most favourable I” B", and with the aid of (4) and (5) the weights M; 
and M,— 
I" В” = 28, 4:6; 899 ; 266 
M;zM,-110; 77; 46; 18 kilograms. 


At 21 pence per kilogram of copper, respectively iron— 
P = 385, 270, 163, 63 shillings. 


If we reckon for interest and amortisation 12 per cent., and assume 
for c a value of 2, we are able to construct the tangent to the curve 
Р = f (f: Pj) at the most favourable point, as has been done in Fig. 5. 

We see that for the given working conditions, 75 watts iron losses 
yield the most economical transformer. For these— 


d — 95 millimetres 
d, — 97 millimetres 
I" В” = 8:9 
й = 340 millimetres 
M; = M, = 46 kilograms 


атреге 
I'—o98 — > 
9 1101.2 
kilolines 
В” = ( *'O ai cue Mp 
205 cm.? 


N, — 2,060 turns 
N, = 226 turns 


The subsequent calculation of the temperature rise, the drop, etc., 
is easy to carry out. 
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THREE-PHASE ELECTRIC POWER TRANSMIS- 
SION AT THE CAPE EXPLOSIVE WORKS. 


By R. S. MANSEL, Associate. 
(Abstract of Paper rcad November 12, 1906.) 


Electric energy generated by steam power has been adopted in 
many works for driving purposes, and it is the object of this paper to 
describe what may be considered a good example of a modern factory 
electric power transmission plant. 

The generating station at the Cape Explosive Works was designed 
for an output of about r,ooo k.w. in electric power, and also power in 
the form of compressed air to the extent of some 240 H.P. 

The power station contains, in the boiler-room, four Babcock & 
Wilcox pattern water-tube boilers of American make. "These are cach 
of a normal capacity of 300 H.P., which can be increased to 400 Н.Р. 
by forcing, if necessary. The grates are hand-fired. Each grate is of 
about 50 sq. ft. area, and each furnace is fitted with a side door, by 
means of which the back part of thc grate may be very readily cleaned. 
The furnace fronts are extended in the form of a firebrick arch about 
5 ft. in length, against which the flame from the coal first impinges 

‘before reaching the water-tubes, thus preventing the direct impact of cold 
air on them when the furnace door is opened for firing. The steam 
from the four boilers is passed through two superheaters designed to 
raise the temperature by 50? F., these being heated by the waste gases 
from the boilers. The superhcaters are of cast iron with vertical tubes, 
and are fitted with scraping gear to keep them free from soot. The 
boilers work at a pressure of 150 lbs. per sq. in. Fuel cconomisers of 
the Green pattern, but of American make, are also installed, with the 
object of utilising as much of the heat in the waste gases as possible. 
Induced draught is used, the fans for the draught being driven by small 
vertical steam engines directly coupled to the shafts. They deliver the 
waste gases into an iron chimney stack 6 ft. in diameter and бо ft. high. 
Two fans are provided, but one fan is found to be sufficient to produce 
all the necessary draught. 

Jhe engine-room contains three Parsons’ turbo-clectric generators 
for the supply of 3-phase alternating current at a voltage of 440 to 460 
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and at а periodicity of 50 ^O per second. The exhaust steam from all 
these turbines passes into a 24-in. diameter main, and thence to an 
Edwards’ evaporative condenser capable of dealing with 24,000 Ibs. of 
steam per hour. Ап Edwards 3-throw air-pump is provided, this being 
driven by a 3-phase induction motor. The condensing water is рго- 
vided from a lake in the neighbourhood, and is circulated by means of 
centrifugal pumps, also driven by induction motors. 

As compressed air is very much used in various processes about the 
works, three Riedler air compressors have been installed at the power 
station to supply this. One of these is of the steam-driven duplex 
compound type, for double-stage compression, and is of some r10 H.P. 
The other two compressors are of go H.P. and 60 H.P. respectively, 
and are of the duplex type for single-stage compression. The two 
latter are driven by 2-specd induction motors, by means of belts and 
countershafting. These compressors all deliver air at a pressure of 
80 lbs. per sq. in. 

The switchboard for the control of {һе electric power was built by 
the Westinghouse Company, of Pittsburg, U.S.A., and is entirely of 
white marble, with black oxidised apparatus mounted thereon. The 
board consists of twelve panels, each 24 in. wide. There are three 
generator panels, two exciter panels, one station panel, and six feeder 
panels. An indicating wattmeter reading to 1,600 k.w. is mounted on 
the station panel, also an integrating wattmeter of the same capacity. 
Integrating wattmeters are provided for all the feeder panels, and both 
generator and feeder panels are fitted with automatic circuit-breakers. 
The feeder cables are carried in a concrete culvert to a skeleton stecl 
“cable tower" 35 ft. in height, from whence the transmission lines 
radiate in various directions to the points where the power is utilised. 

The transmission lines are nearly all overhead, of bare copper wire 
carried on porcelain insulators. The poles are of steel, of tapered 
shape, having cast-iron bases with buckled footplates. Channel-steel 
cross-arms аге used, the sizes varying with the size of line to be 
carried, the largest section used being 4 in. x 2 in. X { іп. Sections. 
3 in. X 2 in. X $ in. and smaller are also in use. Where the largest 
cables are shackled to the poles, small I-beams of section 
4in.X2 in. X ] in. are used as cross-arms, being better suited to 
the strain than channel iron. The lines are placed side by side 
on the cross-arms. A preferable method of arranging these, as far as 
minimising line induction is concerned, would have been to have 
placed them equidistantly at the angles of a triangle, but this was 
not considered necessary owing to the short length of the lines and 
the increased cost this construction would have entailed. The 
maximum distance from the power station to any point where the 
power is used is about 14 miles, and the lines are of sufficient size to 
prevent any scrious drop in voltage. At the points where branches are 
taken off the main lines, “ flying fuses” of a special type are inserted, 
both as a safeguard in the case of a short-circuit in the branch, and to 
isolate the branch if necessary. 
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As some trouble with lightning was anticipated, arresters of a very 
simple type have been fixed at numerous points on the overhead system. 
The arrester consists of a small cast-iron case containing a porcelain 
block, which has two small cvlinders of non-arcing metal secured 
thereto. These are set at about 4; inch apart. One of these cylinders 
is connected to the line wire and the other to an earth plate buried 
close to the point where the arrester is fixed. 

Only on one occasion, however, has any appreciable damage been 
done by lightning, and that was before the arresters had been con- 
nected. Two recording instruments in the power station and опе 
motor in a building at a little distance were severely damaged. As 
a protection to the main switchboard instruments, a more sensitive 
type of arrester is used, consisting of carbon rods mounted horizontally 
in pairs on a marble slab, at a few inches distance. One rod of each 
pair is connected to one of the bus bars ; the other, through a suitable 
water-resistance to earth. Small hooks of No. 36 S.W.G. silk-covered 
copper wire hang over the rods, being held in contact by small leaden 
weights pinched on to the ends of the wires. A very small electrostatic 
potential on the line is sufficient to spark through the silk insulation of 
the wire, discharging the line to earth. This type of arrester has been 
found perfectly reliable in parts of the Transvaal where lightning is 
dreaded by the electrical engineer. 

'The motors installed on the works are all of the Westinghouse in- 
duction type, having squirrel-cage rotors. In all there are installed some 
ninety motors, of many different sizes, from т Н.Р. to go Н.Р. With 
the exception of four of the largest size, these are all of the constant- 
speed type. The construction of the motor admits of the rotor being 
utilised as a fan, producing an excellent effect in keeping the conductor 
cool. 

'The polyphase induction motor may be started by connecting it 
directly to the circuit with an ordinary switch. Those in use at the 
works, up to 3 H.P., are so started in practice. The larger motors are 
started on a reduced voltage, the full E.M.F. of the circuit not being 
applied until the motors have approached their running speed. 

The lower E.M.F. is obtained by the auto-starter, which consists of 
a double-throw switch mounted in a cast-iron case in which are also 
two auto-transformers. The case is filled with a special oil, which 
serves both to prevent sparking at the switch contacts, and to insulate 
the auto-transformers. When the switch is thrown in one position, the 
auto-transformers are connected across the circuits and deliver a low 
E.M.F. to the motor. When the switch is thrown in the opposite 
direction the auto-transformers are cut out and the motor is connected 
directly to the circuit. The wires from the power circuit are con- 
nected through suitable fuses and an ammeter, and, in many cases, 
an integrating wattmeter, to the auto-starter, and the same number of 
wires connect the auto-starter to the motor. Тһе auto-transformers 
are arranged with loops so that one of several voltages may be applied 
for starting, thus adjusting the starting torque to the nature of the load 
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on the motor. In cases, the auto-starters may be placed at points 
more or less distant from the motors. This is a valuable featurc, and 
is taken full advantage of when the motors have to be fixed in places 
not easily accessible. 

Certain of the largest motors, namely, one of бо H.P., two of 
75 H.P., and one of go H.P., are of the two-speed type, the con- 
nections between the auto-starters and motors being so arranged that 
the number of poles in the stator may be changed. 

The power used is measured by Thomson integrating wattmeters 
suitable for 3-phase balanced loads. One of these instruments 1$ 
provided for each motor installation. They are provided with an 
artificial neutral point, the pressure coil of the meter being connected 
between this point and one of the lines, which is connected through 
the current coil of the meter. 

Where motors are exposed to acid fumes, condensation of the 
acid on the coils is likely to occur which may eventually icad 
to breakdown of the insulation. То prevent this, in a part of the 
works where two 40-H.P. motors are together driving a large Roots 
blower and where they are much exposed, the expedient has been 
adopted of making the end casings of the motors air-tight and con- 
necting them to a large air-trunk communicating with fresh air, by 
means of shect-iron pipes. Тһе air is drawn into the motors through 
the pipes by the fan-action of the rotor, and is expelled through holes 
іп the periphery of the motor frame. This arrangement effectually 
keeps the motor cool, and, since fitted, no trouble has occurred. In 
certain sections of the works, a higher line voltage than 110 is pro- 
hibited, and some twenty-four of the motors and a large portion of 
the lighting are operated at this pressure. The remainder of the 
motors are operated at 440 volts. Much of the lighting is operated 
at 220 volts. 

With the object of keeping up the voltage on the longest feeder, 
three “ booster " transformers are inserted in that circuit at the power 
station, a double-throw switch being provided so that they may be 
switched in or out as necessary. Тһе secondary windings аге in series 
with the lines, and the primaries may be connected in either star or 
mesh combination, thus giving two different additional voltages to the 
circuit, 
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SOME NOTES ON THE BREAKING OF TROLLEY 
WIRES. 


By P. S. SHEARDOWN, Member. 


(Abstract of Paper read December 6, 1906.) 


With the overhead system of electric traction, there is always 
present the possibility of a trolley wire breaking and coming to the 
ground, which usually means a short circuit on the section, the 
temporary stoppage of the car service, to say nothing of the danger 
of electric shock to persons and animals, particularly to horses. 

In the case of trolley wires erected with the ordinary soldered on 
ears, the wear is usually fairly uniform along the span up to the 
suspension where the wire close up to the ear will be found to be still 
more worn. This is due to the fact that the trolley wheel strikes the 
end of the ear a blow, the blow being caused partly by the ear more 
or less enveloping the wire, thus creating a greater diameter in 
the horizontal direction, and very often a slight unevenness in the 
under-running or path of the trolley whcel, and partly by the fact 
that the wheel after running on a comparatively flexible or yielding 
surface suddenly meets a rigid section in the ear. When once the 
trolley wire begins to wear or burr up at the ear, the blow becomes 
gradually more severe, owing to the formation of a slight hollow 
in the path of the wheel into which it runs, and in bad cases rebounds 
and leaves the wire, causing an open circuit spark. It then, with a 
certain amount of momentum, strikes the ear further on, often causing 
a second upward indentation at this place. 

For more than ten years the author has given attention to thc wear 
of trolley wire, and his experience in this direction is that there is far 
more potent action at work in weakening trolley wire than is accounted 
for by the reduction of cross-section due to wear, this weakness being 
undoubtedly due to molecular change in the copper at the point of 
suspension. This molecular change or crystallisation which takes place 
in the wire close up to the ear, or other point of suspension, is duc to 
the fact that the trolley wire hanging between two suspensions is 
usually in a state of vibration. This vibration or ripple travelling along 
the wire is damped out or rebounds at the points of rigid suspension ; 
consequently there is, just at the place where the trolley wire is 
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soldered to the ear, a continual stressing of the molecules due to one 
piece of wire being held rigid while the adjoining length of wire is 
free to move. 

There is also a third action at work tending to weaken the wire, 
which, though akin to the trouble due to what the author would call 
crystallisation of the material, is not quite the same, and may be 
described as the hinging action which occurs at the place where the 
wire joins the ear, due to the upward pressure of the trolley whecl 
which is continually bending up the wire, this bending being most 
severe just at the butt of the ear. 

We have therefore four actions taking place just at the critical spot 
where the wire joins the rigid suspension, all tending to weaken or 
deteriorate the material in the wire at this place. These are :— 


I. The blow of the trolley wheel against the butt of the ear, part of 
which comes against the wirc. 

2. The effect of the sparking which occurs at the same place, due 
to the trolley wheel losing contact with the wire. 

3. The molecular change or crystallising action in the wire, due 
to what the author has termed the damping out of vibration 
in the suspended wire. 

4. The bending or hinging action due to the upward pressure of 
the passing trolley wheels (and possibly a fifth, namely, оусг- 
heating of the wire when being soldered). 


The actions taking place in the wire under 3 and 4 must be much 
the same as the action which takes place when a piece of wire is 
clamped in the jaws of a vice, and the wire is bent to and fro. After 
a certain amount of bending, depending upon the material in the wire, 
and the original physical conditions as to hardness, etc., the wire 
becomes short and breaks ой; and this action explains why, in ргас- 
tically all cases of broken trolley wire, the fracture takes place close 
up to the point of suspension, or close up to a splicing tube, where 
No. 4, the bending action, is very severe on the wire. After wire has 
been up a certain time, it usually breaks first at the section insulators 
(where it is held most rigid), then at frogs and crossings, and finally at 
ordinary ears and at splicing tubes. 

The author has scen many trolley wire breakages which have 
occurred at a full-size section, and he can only recall perhaps two 
cases in which the wire appeared to have broken from a pure tensile 
stress. In these cases the sections had pulled out thin before 
fracturing. 


CONCLUSIONS. 


First, in drawing up a specification for trolley wire, there is not 
very much to be gained in asking for a very high tensile strength only. 
What is required is some guarantee that it will be able to withstand in 
practice the bending and vibration stresses it will have to meet. 

In connection with this matter it would not surprise the author if 
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the experience of different engineers varied considerably on this matter 
of trolley wire breakages. It is, for instance, quite conceivable that 
difference in pressure exerted on wires when being drawn through 
the die, might have a considerable effect on their power to withstand 
bending. Тһе presence of an alloy has a marked effect, and in this 
respect the author would like to refer to a composite wire known 
as phono-electric trolley wire, which gives remarkably good results. 
On the system with which he is connected, the trolley wire was on 
certain routes subjected to very hard wear, and within two years of 
erection breakages so often occurred that it was replaced by phono- 
electric wire. This latter wire has now been up about six years 
and only two fractures are on record. There are only two disadvan- 
tages in this make of wire ; first, itis somewhat dearer than hard drawn 
copper, and secondly, its electric conductivity is less than half that of 
copper. 

The second conclusion is that trolley wire should be so erected 
that there is smooth under-running for the trolleys, and, if possible, 
it should be so suspended that vibration in the wire should be free to 
travel the whole length of the wire, and not hung so that as far as 
vibrations are concerned each span is insulated from the next, the 
vibration in each span of trolley wire being damped out or caused to 
rebound at the adjacent ears. What would appear to be a capital 
method on which to erect trolley wire would be first to erect a 
stranded steel suspension wire right along the route, and from this 
at frequent intervals suspend a grooved trolley wire by mechanical 
clips. The author made some experiments in this direction, though 
there is considerable difficulty to be overcome in ordinary street work 
where there are many curves, but this method has been developed in 
the United States under the name of the catenary suspension, which, 
besides giving smooth under-running, will probably much reduce the 
tendency to fracture. 

The third conclusion to be drawn is that cars should be run with 
as little upward pressure of the trolley wheel against the wire as 
possible, in order to reduce the hinging action at the cars. With 
this action in mind, the author is of opinion that trolley wire, especially 
when suspended from span wires, should be erected fairly taut and the 
span wires left on the slack side, but he does not think the short so- 
called flexible suspensions on bracket arms are of much assistance, 
except that they make it possible to have better secondary insulation. 

The fourth conclusion is that, other things being equal, the life of 
heavy wire in comparison with that of light wires, say, oooo compared 
with o, is not likely to be very much longer before breaking. 

Lastly, as the fracturing referred to gives practically no external 
evidence that it is going to occur—indeed, in many cases takes place 
just inside the butt of the car or under the frog clamps-—careful 
inspection is of very little use, and the question to be asked on existing 
systems is what is best to be done, as naturally no one wants to renew 
the wire until wear makes it absolutely necessary. ” 


606 SHEARDOWN: BREAKING OF TROLLEY WIRES. [Dublin. 


The best way out of the difficulty in the author's opinion, and the 
one which he has adopted throughout the Dublin system, is to anchor 
the wire at all suspensions after it has bcen up two years, but at section 
insulators it is safest to anchor them at once. Anchoring the wire at 
section insulators, frogs, and crossings is a comparatively simple 
matter, but anchoring at the ordinary ear suspension is not as simple, 
if ordinary anchor ears are not put up in the first instance. One 
method would be to anchor the span wire or bracket arm, but this 
would mean the cost of nearly double the number of insulators 
throughout the system, to say nothing of the fact that the more 
insulators there are on a line the greater the chance of trouble 
with them. Тһе method which the author has adopted is known as 
the К.О. Patent Anchoring device. It was designed by two of his 
assistants, and is at once both cheap in first cost and simple to put up. 
It consists essentially of a stamped steel plate with a hole in it through 
which the threaded portion of the insulator bolt passes. The plate to 
which the anchor wires are fastened is thus securely held in position 
on top of the ear, but the strain of a broken wire comes direct on the 
bolt. The cost of this arrangement of anchoring erected complete 
costs about £14 per mile of double track. 

It might be claimed that the wire would be liable to fracture at the 
end of the half anchor ear in the same way that it does at the ordinary 
ear, but the half anchor саг if properly designed will have a sufficient 
grip of the wire and yet give smooth under-running. Moreover, it is 
much shorter than an ordinary car, and is free to move with the wire 
instead of itself being fastened to a support. In Dublin, anchoring has 
bcen employed at section insulators for about eight years, and at the 
present time every suspension is anchored except where the wire has 
been recently renewed. There аге therefore about 8,000 of these half 
anchor ears in use, but on only two occasions has the wire failed 
outside a half-anchor ear. 

When the wire breaks at a suspension, the anchoring device holds 
it in position, and as soon as it is noticed the emergency wagon 15 
sent for and the men quickly make a temporary repair, and beyond 
the fact that a few trolley wheels may leave the wire, no inconvenience 
or stoppage to traffic is experienced. Although as many as twenty 
broken wires per month have been reported during the past twelve 
months, only three have come to the ground. In one case the sus- 
pension was not anchored ; in another the wire was held in the anchor 
all right, but was afterwards pulled down by a trolley head getting 
caught; and in the third case the wire broke outside the anchoring 
device. 
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NOTE ON SUCTION PRODUCER PLANT. 
By A. E. PORTE, Member. 


(Paper read at Mectiug of Section, January то, 1907.) 


Simple producer gas is made using air only with incandescent coke 
or coal, and is sometimes called air gas. Water gas is made by driving 
steam or water vapour over incandescent coke or coal. Sermi-water gas 
is the ideal producer gas, and consists of air and water gas in the pro- 
portions of air gas 2:88 volumes, and water gas 1°48 volumes. Taking 
simple producer gas, using air only, wc have air consisting of :— 

Volume Weight. 
O us ios ... 2I per cent.... F ... 20 per cent. 
N eee eee eee 79 ) eoe een eee 77 » 


Carbon burned to CO occupies twice the volume of О which it 
contains ; 100 volumes of air will yield 42 volumes CO, having a com- 
position of СО 42223477 per cent. ; N 792—653 per cent. The two 
gases have the same specific gravity, and hence the proportions of 
volume and weight will be the same. Опе thousand cubic feet of this 
gas will weigh 78 lbs., and one ton of C would give 190,000 cubic feet ; 
assuming the coke to be оо per cent. C, one ton will give 171,000 cubic 
feet of gas. The calorific power is 0347 X 4,320 = 1,499 B. Th.U. 
per pound, and since 1,000 cubic feet = 78 lbs., this will evolve 116,925 
B.Th.U. Again, г №. of C combined with 1°33 Ibs. of O = 2°33 lbs. 
CO + М for air = 6'71 lbs. of simple producer gas. Now, т lb. of C 
burned to CO, gives 14,500 B.Th.U.; 6°7 lbs. simple producer gas 
burned to CO, gives 10,058 B.Th.U. ; the difference is 4,442 B. Th.U., 
or, say, 31 per cent. of the total heat energy of the fuel is lost in con- 
version into gas. The loss of heat is not rendered latent as in steam- 
raising, and it cannot be recovered on reversing the process; it is 
evolved in the producer, and is nearly all lost. The simple producer 
gas is practically never used with gas-engines, but is always mixed with 
water gas. If steam be driven over incandescent coal or coke it is 
decomposed, the reaction being C + H,O = CO + 2H, which means 
that the steam yields its own volume of CO and of H. Every 
I lb. of C reduced to СО by steam yields the same volume as if 
reduced by air, but the CO, instead of being mixed with twice its 
own volume of N, which is a diluent, is mixed with its own 
volume of H, which is combustible, and of very high calorific 
power ; the gas is therefore enriched by the added H, and at the same 
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time by the reduction of N. The decomposition of steam by the 
carbon consists of two Separate operations, each having a separate 
thermal value : first, the formation of a molecule of CO; second, the 
decomposition of a molecule of H,O. The first evolves and the second 
absorbs heat. For every pound of H liberated 6 lbs. of C will be con- 
sumed, and will produce 14 lbs. of CO. The thermal changes may be 
roughly represented as :— 


Heat absorbed in dissociation of 1 lb. H from О of 

water 54% ... 52,200 В.ТЬ.С. 
Heat evolved in éombustion of 6 Ibs. of С to CO ... 25,020 
Heat absorbed by reaction for each 6 lbs. of C 


3) 


oxidised ... i 26,280 - 
Heat absorbed E pound of сок йй by 
steam ез буз As 52% ... 4,280 T 


Hence the quantity of steam which can be used with advantage in 
a producer is limited. Тһе usual practice now is to draw in the air and 
water vapour together through the same pipe or pipes. The сот- 
bustion of the carbon by air will supply the necessary heat to keep up 
the combustion, and since the combustion of C by air takes place at a 
much lower temperature than that required for the decomposition of 
steam, if excess of steam be uscd it will not stop the combustion alto- 
gether, but by lowering the temperature will cause the production of a 
large amount of CO,, and at the same time the excess of steam will pass 
through without being decomposed. That a fairly high temperature 


is necessary for the production of good gas is cvident fromthe following 
table, taken from Dr. Buntes' experiments :— 


EFFECTS OF TEMPERATURE ON ACTION OF STEAM. 


Comparison of Gas— Volumes. 


Temperature. Temperature. E үз сал эш = oe — к | 
С. Decomposed. H. CO. | CO,. 
674 1,245 8-8 65:2 49 29:8 
758 1,396 25 | 652 78 , 270 

838 1,540 41'O | бг'9 ІСІ | 229 | 
954 1,749 7072 533 393 68 
1,010 1,850 | 940 49:8 497 I'5 
1,125 2,057 99'4 509 485 о0 


One lb. of C burned by steam absorbs s B.Th.U.; 1 Ib. of C 
burned by air cvolves 4,320 B.Th.U.; therefore, if there were no heat 
losses in the producer through radiation, hot gases, etc., a mixture of 
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about half and half would fill the bill. But we cannot avoid losses, and 
we must, therefore, use more air and burn extra carbon to keep up the 
balances. In practice it is found that the best proportion is about 4 of 
air to 1 of steam; this, however, varies considerably in different 
plants, and from this we get a gas of average quality which runs 
to, say :— 


B.Th.U. 
Volume. Weight. per Ib. B.Th.U. 
CO ... 37 o*per cent. = 3073 per cent. = 03073 X 4,320 == 1,7163 
Н . 74 , = 057 ” == О0057 X 53,000 = 3021 
М eae 556 js = 59°70 ji — — — 
IOO'O IOO'00 2,0184 


1,000 cub. ft. of this gas will weigh 72% lbs., its calorific power 
== 147141 B.Th.U. per cubic foot, or 2,018 B.Th.U. per pound. Again, 
І lb. of this gas will contain o'1705 lb. of C, which, if completely 
burned to CO, will give 0'17 X 14,544 = 2,473 B. Th.U. ; 1 lb. of this 
gas = 2,0184 B.Th.U., the loss being 454°6 B.Th.U., which is about 
20 per cent. of the value of the solid carbon, whereas if air only were 
used the loss would be 31 per cent., or showing a saving of 11 per cent. 
by using steam. 

Generally speaking, the more steam that can be used the better as 
long as the temperature can be kept up, and hence it is of importance 
to economise all the possible heat and to return as much of the waste 
heat as possible to the producer in the form of preheating of air and 
vapour ; at the same time an excess of steam must be carefully guarded 
against, since if the steam be decomposed it tends to lower the tempera- 
ture, and if passed in the form of steam will decrease the calorific 
power of the resultant gas, as will be seen from the following table. * 


EFFECT OF STEAM ON Gas. 


—M MÀ M M а M M ——M — MÀ MÀ —— —— 


Excess of Excess of Quantity. 

Steam. Steam. of Steam. 

CO, .. TM jos 5:30 8:90 I5'0 
CO "s ie T 23°50 16°40 II'5 
CH, ais 5% к 3°30 2°55 I'9 
H без s ti I3'14 18:60 246 
С.Р. .. ds ER 1,343 1,202 1,1505 
Temp. С. yis з 800 700 500 
Temp. F. bes T 1,472 1,292 932 


* Minutes of Proceedings of the Institution of Civil Enginecrs, vol. cxxiii. p. 328. 
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Steam has another advantage which is of importance with producers 
having grates or grids in the bottom through which air or steam must 
Pass, and that is, the steam will keep the clinkers soft and porous, 
giving a more cven distribution of heat and preventing chimneys (or 
blowholes) forming ; it also prevents the fine ashes being blown up into 
the combustion zone, and the fusion of them on to the sides of the 
producer. 

In summarising this question, I will quote an abstract from Ray- 
mond's paper, Trans., A. Inst. M.E., vol. xx. p. 465: “ (1) No possible 
use of steam can cause a gain of heat; if steam be introduced into 
a bed of incandescent carbon, it is decomposed into H and O. (2) 
The heat absorbed by the reduction of 1 lb. of steam to H and O is 
much greater in amount than the heat generated by the union of the 
O with C to form CO, ; hence the effect of steam upon a bed of 
incandescent fuel is to chill it. (3) Тһе loss may be recovered if the 
H of the steam is subsequently burned to form steam again. Such 
a combustion of H is contemplated in the case of fuel gas as secured 
in the subsequent use of the gas. (4) The advantages to be secured 
consist principally in the transfer of heat from the lower side of the 
fire, where it is not wanted. The decomposition of steam below cools 
the fuel and grates, whereas a blast of air alone would produce at that 
point intense combustion (forming CO, at first), to the injury of the 
grate and fusing of the fuel, etc. (5) The proportion of steam most 
economical is not easily determined ; the temperature of the steam 
itself, the nature of the fucl, air supply, and form of bottom affect the 
problem." 

We will now glance at the question of the presence of СО, in the 
Баз; it is considered as an indication of bad gas if we have more than 
3 per cent., due either to defective design or operation. Either the 
CO, produced in the combustion zone is not reduced to CO in the 
decomposition zone, or the CO has been burned. The presence of 
CO, simply represents its own volume of CO uselessly burned in the 
producer, causing serious loss of heat and diluting the gas with a quite 
worthless constituent. Further, the extra O required to form CO, 
means so much more N present, so the gas suffers both ways. 


I lb. C burned to CO, evolves 14,500 B.Th.U. 
I lb. » » CO » 4,450 » 


10,050 » 


Hence every pound of C represented by CO, in the gas means a loss 
of 10,050 units in the producer and a reduction in calorific power of 
the gas by approximately the same amount. Roughly speaking, we 
may assume that, if the producer gas contains 5:2 per cent. of CO,, out 
of every pound of carbon is gasified 0°167 lbs. is absolutely wasted 
(10,050 X 0'167 = 1,678 B.Th.U., or 11 per cent.). 

The heat losses in the producer must now be examined, and for 


1971 PORTE: NOTE ON SUCTION PRODUCER PLANT. 611 


the purpose let us see what they are : (1) In ashes, if the ashpit be 
full of water, the heat loss on this may be very small, as the water is 
vaporised by the hot ash falling. (2) Losses in unburnt C falling 
through with ashes. (3) Loss in heating air and gases from 32° Е. 
to temperature of delivery pipe, reducible by preheating air by waste 
heat and reducing quantity of air used to a minimum. (4) In latent 
heat of hydro-carbons ; this loss does not affect us very much in the 
discussion of suction producers. (5) Loss in sensible heat of evolved 
gas. Тһе gas leaves the producer at about 1,000° F., and must, 
therefore, carry over a large amount of heat ; for our purpose this is all 
waste heat, as it has to be taken out by means of water washing. It will 
be realised from the following what this amounts to: 11b. of C will yield 
677 lbs. of simple gas whose specific heat is 0245 x 6'7 = 1:641 B.Th.U, 
per pound of fuel per r° Е. rise in temperature х 1,000” Е. == 1,641 
units, or r1 per cent. of the total calorific power of fuel. (6) Loss 
due to vaporisation of moisture in coal and formation of useless 
steam. (7) Loss in heating the undecomposed steam which passed 
through the fire. (8) Loss of heat in decomposition of steam. (9) 
Loss of heat in formation of CO,, the most serious loss of all. (то) 
Loss of heat, solid carbon losses in soot and tar (practically nothing). 
(11) Loss of heat by radiation. We, therefore, have our heat 
balance :— 


Dr. . Cr. 
To heat per pound of coal— | By heat per pound of coal— 

I. From calorific power of Evolved in forming CO, D 

fuel ... А! Evolved in forming CO ID 

2. From heated air blast ... B  Incalorific power of gas F 
3. From steam blast ... С  Absorbed in decomposition of 

steam... G 

‚ Lost in asli H 

. Lost in unburnt саг бой І 

Lost in tar and soot ... sk. 277 

K 

L 


Lost in volatilising of hydro- 


carbons he 
Lost in sensible heat of gas .. 
. Lost in heatins of und Com 


posed steam .. 22: ... М 

Lost in evapor aliit mokre 
in coal з кз ... N 
Р 


| Lost in radiation 


(A+ B+C)=(D+E+F+G+H+I+J+K+L4+M+4N +P) 


_ еи гта xn 
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CALCULATION OF FIGURE OF MERIT. 

B.Th.U. per B.Th.U. per Carbon per Lb. of C in 

Cub. ft. of cub. ft. of cach cub. ft. of cub. ft. in I cub. it. of 

Gas. Constituent. Mixture. Constituent. Resuitant. 

CO, оодо  ... sis ns ... XX 0'0335 — 0'00134 

CO 0'254 X 342 86:80 Хх 00334 = 000748 

CH,  o'or5 X 1,070 = 1605 Х 00337 = ООО5О5 
H O'III X 346 = 38:40 — — 
N 0'580 — — — — 

I'000 141731 0701387 


From this it is obvious that not more than about 80 cub. ft. of gas 
per pound of coal can be obtained. 

Following from the consideration of the heat losses, we may now 
deal with the fuel itself. Broadly, any fuel will do for making gas. И 
is only a question of designing a special producer to suit it, but as we 
generally use coal, let us devote our attention to this. Coal should be 
purchased from analysis which should represent the bulk. For engine 
and metallurgical work absence of sulphur is important. The coal 
should be kept dry and clean—dry to save the cost of evaporating 
useless moisture, and clean to prevent foreign bodies being gasified 
and possibly spoiling the mixture. 

A great deal has been said and written about the size of coal to be 
used іп a producer, and its regularity. Тһе size should be fairly even. 
If large pieces are in the body of the coal it will certainly feed 
irregularly, and the smaller pieces burning more rapidly may tend to 
cause blowholes, and even let the steam and air rush through cavities 
and burn up both coal and gas. At the same time, we must not run 
away with the ійса that an odd chip will do any harm, or that the 
coal must be graded to a fraction of an inch. If the producer be 
small, it is important to keep the coal regular and small in size, but in 
alarge producer it is not so very important. If the average run of 
beans be, say, $ in. to $ in., pieces up to 2 іп. by 1 in. will not do any 
serious damage. Тһе cffect of the sizc of fuel on the reduction of CO, 
to CO was fully investigated by Boudouard.* I may quote a few 
of his results which are of interest to us. А known quantity of CO, 
was enclosed in a porcelain tube in the presence of C, and the tube 
raised to a temperature 800° С. for eight minutes (1,470? Е.) :— 


Volumes per cent. 


2 CO 
Finely divided carbon e. 136 .. 864 
Wood charcoal pieces, 2 min. to 5 mm. cube ... 399 .. бот 
Coke 4 m 5 oe 79І .. 209 
Gas carbon - 5 » 8o'I 109 


From this it is evident that the more porous the carbon the casier 


Ф 


Annales de Chimie et de Physique, vol. 24, 1901, Series vii, рр. 5-85, 
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is the reduction of CO, to CO ; the gas carbon and coke being very 
dense, the CO formed only amounts to 19:9 and 20`9 per cent. respec- 
tively. Since the gases move rapidly in a producer, it is important 
that the fuel should be as porous as possible. The exact size is a 
matter of experiment, but Mr. Boudouard experimented on the subject, 


and I give the results : — 
Volume per cent. 
со, C 


Wood charcoal 2 mm. to 5 mm.  ... ... 399  ..: бот 


» size of a nut (hazel) ss IJI 2-42 829 

Coke, 2 mm. to 5 mm.. Бі 25% e. 791 .. 209 
» (hazel nut) abs 55% "T ... 83'6 .. 164 
Gas carbon, 2 mm. to 5 mm.... vs ... Sor .. 109 


T. » (hazel nut) 22 iN que BOF 32-2 TTA 


From these experiments we conclude that, other things being equal, 
the smaller the size of the fuel the better the result. One of the main 
determining factors in the size of fuel is the suction pressure required 
to work the producer, which acts the same as a back pressure on the 
engine. Also, it must be noted that if the gas be drawn rapidly 
through the producer, the percentage of CO, is always higher than if 
the movement be slow ; this, of course, means increasing the area and 
diminishing the height of the producer. 

The actual composition of gas produced by the action of steam on 
carbon at different temperatures is shown by Boudouard to be :— 


Composition in Vols. 
Per cent. of Steam | 


Decomposed. б io: 
674 8:8 652 29:8 
758 253 652 270 
838 4го бт:9 229 
954 7072 633 68 
1,010 940 48:8 175 
1,000 9370 397 U3 
1,125 994 509 об 


From this it is evident that any temperature less than 1,000° С. is 
insufficient to produce gas of high calorific value ; it will, further, allow 
the reaction CO, + C = 2CO, and will prevent CO + H.O = CO, + H,. 
In selecting a coal, having examined the analysis and calorific value, 
ascertain the percentage of ash and clinker, It is well to make sure 

VoL. 88. 
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that the clinker is not of such a nature that it is likely to cling to the 
brick lining, and will be soft and easily dislodged when cleaning 
becomes necessary. Sometimes the clinker refuses to leave the bricks, 
and pieces of the brick come away in cleaning. Otherwise good coal 
should be rejected for this fault, as the relining of a producer 1$ 
expensive (£25 for а 50-B.H.P. producer is about the cost), to say 
nothing of throwing the plant out of service. Of course, the final 
criterion of a good coal is good clean gas and little attention. 

Producer gas appears to have been first used in connection with the 
gas engine in 1879. Thc thermo-dynamic theory of the engine was not 
then fully appreciated ; whereas according to О. К. Clark's tests at the 
smoke abatement exhibition, 1882, 11034: cubic feet of gas was соп- 
sumed per indicated horse-power, and 14934 cubic feet per brake 
horse-power, to-day we can easily get 1 I.H.P. for 65 cubic feet, and 
I В.Н.Р. for 75 cubic fect. To Mr. Dugald Clark we are largely 
indebted for careful researches into the problems involved. Of the 
total heat energy given to the gas engine in 1882, 16 per cent. was 
represented on the indicator card, and in 1900 3o per cent. was 
indicated. In the best engines to-day 30 per cent. of the heat energy 
is taken up in the cooling water, 40 per cent. is lost on the exhaust, the 
remaining 3o per cent. being useful work. There is nothing more 
striking than the change in the compression. While in 1881 35 lbs. 
was considered a good compression, we see compressions to-day 
ranging up to 170 lbs. per sq. in. on engines run with producer gas. 
The products of combustion which remain in the cylinder after exhaust 
should, if possible, be expelled from the cylinder. Тһе entering 
producer gas, being of low thermal value, loses by being further diluted 
with the exhaust gas; while if fresh air were admitted it would contain 
oxygen, which would be of value in helping the explosion. Again, the 
remaining exhaust gases are very hot, and to clear them out tends to 
cool the cylinder. The entering gas would be of greater density, and 
consequently of greater thermal value per cubic foot, so that greater 
power might be got out of the engine for a given size of cylinder. 
This cleaning out of exhaust gases, called scavenging, is, however, not 
universally adopted. The amount of water supplied to the vaporiser is, 
as we have seen, of the greatest importance. This should be in pro- 
portion to the load at any time, and is very difficult of arrangement. 
It is almost impossible to govern the water supply. In some plants the 
water trickles on to a hot-plate, where it flashes into steam, and the 
amount of water can be governed in such a сазе. Many schemes have 
been devised to regulate the supply of water to the vaporiser other 
than the flashing system referred to. I will quote two : First, the Watt 
system, which has a diaphragm of indiarubber on top of the scrubber, 
and from this by a system of levers the admission of water to the 
vaporiser is regulated, cach suck of the engine drawing down the 
rcgulating diaphragm and opening a small tap, which allows a certain 
amount of water to be delivered. With such a system water can only 
be delivered at each suction stroke of engine, the cock being shut off 
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meantime. Another arrangement, which I have seen described, con- 
sists of a regulator worked by the air suction. There are, no doubt, 
many other systems of regulation, but the couple we have considered 
will be sufficient for our purpose. 

Efficiency.—We may now turn our attention to some tests on suction 
producer plants. Proceeding scientifically, we should first ascertain 
the heat efficiency of the producer, which is a fairly simple process. 
It is not, however, generally necessary to know the heat efficiency of a 
producer. The composition of the gas in producer plants is said to 
vary constantly during the run, but that this may be kept fairly regular 
is shown by a diagram in the book by Dowson and Larter,* giving 
the results of a test оп а 30- B.H.P. suction plant. In considering the 
efficiency of a suction producer plant it must be remembered that, 
owing to the piston of the engine having to act as a suction pump, the gas 
and air, when drawn into the cylinder, are at a pressure below atmo- 
spheric; the mixed gases are consequently at a less density than gas 
supplied on pressure system or from the town mains, and, therefore, 
other things being equal, of less thermo-dynamic value. This is a 
matter of some importance, for we must face the following losses : 
(a) extra work on engine sucking in charge (this we can estimate 
exactly from a card taken off engine) ; (b) reduced power of gas (this 
can be determined by an analysis of the gas itself). This means that 
the engine must be made larger than for town gas; how much larger 
we shall presently see. Let us first examine a card taken off an engine 
working on suction. Hcre the suction is equal to 3 lbs. below atmo- 
sphere, which is the same as taking 3 165. ой the average pressure. 
Since the suction of the engine keeps the fire in the producer going, 
it may be asked what will happen when the engine is working at low 
loads. Take a case in point. An engine of 30 H.P., having a rated 
speed of 250 r.p.m., will take something in the order of 120 sucks of 
gas per minute at full load, ог two per second. If we have a large 
expansion box and, say, 12 ft. to 20 ft. of gaspipe, for all practical 
purposes there will be a continuous draught on the fire. Now, sup- 
posing we take the same engine running light, it would probably 
take 18 sucks per minute, or, roughly, one-seventh of the full-load 
draught. With this diminished draught we must have a falling tem- 
perature, and with a falling temperature, as we have previously scen, 
we must expect an increase of CO,, with a corresponding decrease of 
CO апа H. І give an actual test quoted by Mr. Dowson :— 


Full Load, per cent. No Load, per cent. 
CO T а pus 27:65 iv m 84% 2274 
Н a Sui 45% 9:35 РЕР 7 - 70 
CO, ... ees -— 3'80 iss ET sss 4'9 
O Ws wis a 0°30 62% € 22% о5 
М ips ees к 58:40 bbs is Sas 552 
100°00 10070 vols. 


Calorific Power. 
B.Th.U. aie Eds I289 .. fas ... того 


* “Producer Gas," p. 131. 
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45 


41 


Fic. 1.—Calorific Power Cards (Dowson), 
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It will thus be evident that there is a loss in calorific power of 
almost 28 per cent., which will at once upset the balance of the mixture, 
and the engine might and probably would shut down if not attended to 
by regulating the air supply to it, and also possibly by reducing the 
water-vapour supply to the producer. If the air supply be heated, say, 
by the exhaust, it helps to prevent the fire temperature falling very 
much. The falling-off of power is shown on the accompanying cards 
(Fig. г), taken on a no-load run :— 


Card No. Time. Mcan Pressure. 
— sis seh 2.50 p.in., load off iss et — 
44 ice Ре ae. x - jos "P 76 
45 T ids 418 » " 5% 74 
46 3.25 , » 74 
47 ae i 345 » " 52% T 435. 
48 ЭР sus 400 ,  fulllad ... ..  Decreasing 
49 te ET — Ves .. Increasing 
50 ж гае — T set 84°5 


48, 49, 50 were taken immediately the load was full оп. In 48 the card 
shows weakening explosions, 49 strengthening explosions, and 50 shows 


-----2---0----.2-2-E-0----BR---------------------------- 284-4 №5 
——— > | 
----------------- | -t44- | --4--} - -4-4--+---}-4--142-2 • 
---«-«---L--k-r-r-Hd- | -- 71:1 « 
| ОО MJ 0-0 - 
Explosions b Explosions Engine governing 
automatic starter. by the engine. without load. 


Fic. 2.—Mathot Explosion Record. 


a normal full-load card. 48 is particularly interesting, as showing that 
the first effect of the increased draught was the introduction of too 
much steam into a cool fire, and a consequent falling of power, to be soon 
recovered, however, as the air draught being four times as great as the 
steam caused the fire to burn out. The case I have cited is, of course, 
a very extreme case—that is, throwing full load on to an engine which 
had been running on no load for some time, and it seldom happens in 
practice that the full load is thrown on all at once ; it is usually put on 
in parts and gives the producer a chance to recover itself. 

Malhot's Explosion Recorder.—Mr. Mathot, a Belgian engineer, is а 
recognised authority on all matters connected with internal-combustion 
engines. We have seen that the explosions immediately following one 
another are of different value ; it therefore becomes necessary to take 
several diagrams overlapping on each card so as to arrive at an 
average. There are indicators made which do this by means of a 
clockwork drum in place of the usual drum on which the record paper 
is fixed; such an apparatus is invaluable if a careful analysis of the 
cards must be made for any purpose. Each diagram follows its 
neighbour, leaving a space of probably sẹ in., so the records сап be 
easily followed. These apparatus are, however, limited in use, as the 


- 
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drum must be very large to take many records, and this means that 
there would be considerable weight to be moved, and the inertia of the 
system is an objection. If continuous records are required, the 
Mathot explosion recorder is very useful, and can be attached to 
any indicator. All that is necessary is to have a clockwork drum 
attached to the indicator by a swing arm, which enables the explosion 
recorder to be thrown in when required without interfering with the 
ordinary indications. Тһе explosion record tells us the value of the 
suction, compression, and explosion, and, what is also very important, 
the accuracy or otherwise of the governing. Presuming we start up 
with our recorder on the engine, we learn what is happening. Take, 
for example, Fig. 2, which is taken from an engine with an auto- 
matic starter supplied with mixcd gases at atmospheric pressure. 
The value of these explosions, and the rate of acceleration can be 
observed at once. Six charges were fired by the automatic starter 
before the engine took the business in hand, and it will be seen 
that the first explosions are much more powerful than those follow- 
ing. In this case the engine took 19 explosions before attaining 
full ‘speed, and the compression was thrown in. Тһе speed of 
rotation of the drum can be altered so as to pull out the record as 
much as desired, but this will give fewer records on the drum. А con- 
tinuous band of paper is sometimes used, but this means three drums 
and the apparatus becomes cumbersome. The drum usually makes one 
complete revolution in two minutes. We might study many of these 
records and glean information, but time will not permit our following 
out the most interesting subject any further now. 

Stand-by losses are always a matter of much interest to engineers, 
and there is scarcely any part of the day's work that there is such 
doubt about. Mr. Dowson cites a case of 250-H.P. plant standing for 
nine hours and only consuming 46 lbs. of coal in nine hours. This 
appears very low, but it can be understood if the whole plant were 
allowed to cool considerably during stand-by; in other words, if the 
draught was stopped and the fire probably just kept alive. "This is 
about one-tenth of the coal required to keep a steam boiler of {Не same 
power banked. I have made several tests on the stand-by losses in 
suction producers, and have found them to vary so much that no rule 
can be laid down; probably o's Ib. per brake horse-power for 10 hours 
would be a safe average. In one case I had returns kept of stand-by 
losses оп a 100-H.P. plant, and by constant attention got the loss on a 
14-hour stand-by down from 120 165. to about 50 Ibs., or 2357 lbs. per 
10 hours on 100-Н.Р. plant = 0'357 per horse-power for то hours, 0:035 
per horse-power hour. In this casc the blow-off or escape chimnev is 
about 40 ft. high, so the tendency is naturally to keep up a good draught, 
if the air and escape valves are not kept pretty tightly closed. Іп 
another case, a 70-H.P. plant, the records show only 17 lbs. stand-by 
on то hours, or 0'024 Ibs. per horse-power hour. In this case the chimney 
is only about 12 ft. high, so the draught is not so great ; still, the figure 
is very low indeed, and requires verifying. When blowing up a 
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producer plant, care must be taken that the engine crank is in such 
a position that the air and gas valves are closed, or otherwise there is a 
risk of blowing the gas into the engine-room from the air valve and 
pipe. The presence of a high percentage of hydrogen in producer gas 
tends to cause pre-ignition, and it has been found that under those 
conditions the compression cannot be carried safely beyond 120 lbs., 
and requires about 11,500 B.Th.U. per B.H.P., while gas which is rich 
in CO and poor in H will not be liable to pre-ignition, and the com- 
pression may be carried up to 170 lbs. or over safely, requiring only 
9,500 B.Th.U. per brake horse-power. Hence it is well to keep the 
percentage of H fairly low. 

We will now look at some tests taken here last ycar on a suction 
pressure plant. The plant consists of an Industrial suction producer, 
Stockport engine, and Industrial dynamo direct.coupled ; plant about 
' 70 Н.Р. Тһе tests ran two days. The first test was to determine the 
friction load of engine with dynamo not excited, and this worked out at 
18-9 LH.P. "This looks a little high, but the engine had three bearings 
and the dynamo two. The dynamo was also a large machine for its 
output. The dynamo was rated at 33°75 К.у. at 220 r.p.m. The next 
test was at 33 k.w. Тһе indicator card worked out at 662 H.P., and 
the gas consumption tested by using one of our holders gave 46 cub. ft. 
per indicated horse-power and 92 per kilowatt delivered at switchboard. 
This was satisfactory so far. А second gas consumption test was taken 
with the other gasholder, and in this case we got 28:05 k.w., 58:5 I.H.P., 
бо cub. ft. per indicated horse-power 115 per kilowatt. Тһе average of 
these will be 53 cub. ft. per indicated horse-power and 103 cub. ft. per 
kilowatt at switchboard. Our next test was taken at 29:9 k.w. to determine 
the coal consumption, which worked out to о:8 lb. per indicated horse- 
power and 1:4 lbs. per kilowatt delivered at switchboard. Some alterations 
were made in the plant, and an 8 hours' non-stop run was made on 
another occasion, and for 4 hours the engine was taking every ex- 
plosion, so was at full load. This test was particularly to determine the 
coal consumption under new conditions, which worked out as follows : 
5.55 p-m.—hopper filled up, 314 Ibs. put in, load 32:55 k.w., speed 
220 r.p.m.; 6.50 p.m.—charged hopper, 314 lbs. coal (55 minutes' 
interval), same load ; 7.45—charged hopper, 314 lbs. coal (55 minutes' 
interval) Ц will be noticed that exactly the same intervals of time 
show that the producer was working quite regularly. This works out 
at 0°68 lb. of coal per brake horse-power (a figure that is exceedingly 
low) and 1°06 per kilowatt delivered at switchboard. Тһе producer 
plant in this case, although well able to keep the engine going at 
normal load, was not quite up to the overload test, and had to be 
replaced by a larger one, which gave between 25 and 3o per cent. 
spare power. Тһе exact figures аге: the plant was specified to make 
4,000 cub. ft. of gas per hour, and it made sufficient gas to keep the 
plant running for 4 hours, developing, roughly, 39 k.w. to 40 k.w. at 
switchboard, say 359 X 103 = 4,068 cub. ft. per hour, and, at the same 
time, raised the large holder 24} ins., representing 1,104 cub. ft., 
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showing a liberal margin in hand. Тһе analysis of the gas was not 
quite as good as one might expect with such low consumption, and was 
from an average of four samples (see Table below). 

Having now considered in a somewhat incomplete manner the 
fundamental principles on which the suction producer operates, let us 
look at its infirmities. In the first place, there is often great difficulty 
in starting the engine. Having made sure that everything about the 
gas plant is in order, and that the gas being given off is of proper 
quality, we proceed to start our engine. This is usually done with a 
compression starter of some sort—either a hand-pump which forces the 
gas and air into the cylinder under pressure, or a pump which fills a 
large receiver with gas and air at atmospheric pressure, or some other 
device. The piston having been brought to the proper position for 
starting, the magneto is operated by hand, and the charge is fired. 
Should the magneto fail to fire the charge, usually the contact in the . 
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explosion chamber will be found wet, forming а partial short-circuit. 
This fault is very common after the engine has been laid aside for а 
day or two, and the moisture of the last explosion is precipitated on the 
inside of the cylinder. This defect is easily remedied by drying the 
contacts. Sometimes, however, the charge fires the first shot, but 
the engine fails to pick up. This may be due to many causes; the 
damp on the contacts may again be the cause. The gas and air 
mixture may be wrong, or the gas may be weak. If the mixture be 
wrong, experiment is the only cure; if the gas be weak, the producer 
must be further blown up till the gas is right. In any case the trouble 
is very annoying, and oftentimes very difficult to get over. Once the 
engine gets away, the compression is put on. There is usually no 
further trouble, and if an engine is systematically difficult to start, I 
would recommend a petrol starter, for when once the engine starts, 
it will itself draw up the fire pretty quickly and settle down to work. 
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Having adjusted the air and gas for our load, the plant will take care of 
itself. for a couple of hours, provided the load is not very variable; if 
it be, we may get into trouble. If the load falls off, the draught on the 
producer also falls off and the temperature of the fire goes down, with 
the result, as we should expect, of inferior gas, and the engine may fail 
to fire charges at proper time, or may back fire, and shut down. This is 
probably the most annoying and most difficult trick to overcome that gas 
plants are subject to. First let us assume that the plant is likely to be run 
at very light load for any length of time. In order to keep up the draught 
on the producer, the governor of the engine may be fitted with а step dic, 
which will cause the engine to take a small charge of gas every cycle, 
but not enough to make an explosive mixture with the full supply of 
air. This arrangement generally meets the case—of course, if the 
plant be only running light for short periods, this will not be necessary. 
I nced scarcely say the use of a step die does not help the efficiency of 
the plant in coal consumption. 

The next difficulty (and it has its origin in a similar cause—namely, 
the variation in quality of gas) is if the gas has too much hydrogen. Let 
us say the average quality of gas was CO 24 per cent., H 8 per cent., 
and that from an excess of steam we get CO 15 per cent., H 17 per 
cent.—which is not a bad gas at all. Pre-ignition might occur if the 
compression were fairly high and the cylinder hot. As H is very likely 
to pre-ignite if the conditions are favourable, the result is just the same 
—the engine will slow down if not relieved of some load. When the 
load is taken off, generally speaking, air and gas adjustment set things 
right, but if at an increase of load, and nearly at the limit of power, it 
is almost impossible to stop the pre-ignition, and, therefore, we must 
try and guard against it by kecping the cylinder as cool as possible. 
Whereas with town gas the circulation water may safely attain a tem- 
perature of 120? F. on the hot side, with producer gas the hot circula- 
tion water should not exceed 110? F. We must also keep the quality 
of the gas as constant as possible by effective stoking. Most producer 
makers tell us that a producer requires no attention. That may be true 
within certain limits, but for very variable loads a producer requires 
attention every couple of hours at the very outside. We have scen 
that it is possible to get blowholes or cavities up through the combus- 
tion zone. This can be prevented by stoking fairly often and keeping 
the level of coal in the producer constant by filling in coal, say, every 
two hours. This kceps the pressure of material fairly constant, and 
tends to prevent cavities forming and irregular gas being generated. 
Also, the engine attendant knows from his governor what work the 
engine is doing, and he can regulate the water supply accordingly— 
that is, in the absence of any reliable automatic device. Another cause 
of pre-ignition is supposed to be due to particles of free carbon in the 
cylinder, or a deposit of fine soot on the back of the piston ; for 
example, the slightest little excrescence will form a very suitable point 
for firing, as it must be remembered that the piston is about the hottest 
part of the engine, and a slight excess of heat due to compression will 
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set one of these spots of carbon alight and fire the charge. "This fault 
is not common if perfectly pure anthracite coal be used. Sometimes 
the magneto for some reason fails, and we get imperfect ignition. 
This manifests itself by irregular running, and the simple test is to try 
the magneto by detaching the connection from the sparking plug and 
fire by hand if it is all right. Next try the plug, and make sure it 
is sparking in the cylinder. All engines should be fitted with a pcep- 
hole for this purpose. It may also happen that the spark requires 
advancing or retarding; most engines have an adjustment for this 
purpose. 

The next cause of trouble, and I am afraid there is no cure for it, 
is that almost every manufacturer overrates the power of his engines. 
If you ask the maker for тоо-В.Н.Р. engine on suction gas, he will 
probably quote you for an engine that will give тоо B.H.P. at his own 
works and not at yours—that is to say, the engine will undoubtedly 
give the power under test conditions, but not under ordinary com- 
mercial conditions. My idea is that at normal full load the engine 
should miss 25 per cent. and fire 75 per cent. of the charges. This 
leaves a fair margin to govern on, and if the engine be running at 
rated full load a slight variation in quality of gas will not mean a 
stop ; for if {һе gas be rushed through the producer, it is very likely, 
unless most carefully handled, to come over very hot, and may even 
heat up the scrubber to such an extent that the gas cannot be cooled 
to atmospheric temperature, and, as a consequence, full power will not 
be obtained. Suppose the temperature of the air be 60° F., and the 
scrubber is passing gas at 400? F., the calorific value of the gas will 
only be six-tenths of its value at temperature of air; consequently the 
engine could not possibly give its power, also the gas would not be 
clean, so it is of the first importance to have the plant and scrubber 
big enough and an ample supply of clean water. The amount of 
water required for scrubbing varies very much with different makers, 
from 14 gallons per brake horsc-power to 3 gallons—probably 2 gallons 
per brake horse-power would be a fair avcrage. I have recently 
tested a plant taking just 14 gallons per brake horse-power hour, and 
the plant was delivering quite cold gas. As I am speaking of cooling 
water, let me say just a word about cylinder cooling water. This 
should be free from lime if possible, otherwise the jacket will soon 
get blocked up and the cylinder cannot be kept cool. I have now 
enumerated some of the troubles which I have met myself ; of course, 
other users have met other troubles, which I hope they will tell us all 
about. 

I wish to acknowledge my indebtedness to Mr. Emerson Dowson 
who kindly lent me the original drawings of the apparatus. 


DISCUSSION. 


D. MN, The CHAIRMAN (Mr. T. Tomlinson): I have found, generally speak- 
arman — ing, that the chicf trouble experienced with plants of this nature is due 
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to irregularities in the quality and thermal value of the gas generated. 
I remember particularly one producer, of the Dowson type, which the 
expert left without regulating the water supply to producer. I tried 
every means within my knowledge to get the plant to work satis- 
factorily, but without success; finally I had' to send for the expert, 
who, by simply adjusting the height of water in producer, removed all 
source of complaint. A trouble often experienced with this type of 
plant is owing to the water nozzles which feed the producer becoming 
blocked, and this is a matter which requires frequent attention. I 
think the success of the Dowson plant is largely due to the simple 
method of water adjustment. Тһе effect of suddenly changing from а 
small load to a large one was at one time very real, but that has now 
been overcome to a very large extent. There is absolutely no doubt as 
to fuel economy as compared with steam plant, although the plant 
is not quite so reliable as one could wish. Т think that such a plant 
installed in an electric lighting station for the purposes of taking the 
“peak load” would result in considerable economy, as the “stand-by” 
losses are insignificant compared with stcam plant. I am of opinion 
that means of storing the gas should be provided, and taking a hypo- 
thetical case—say a small lighting station—and working out the size 
of the plant necessary to make and store sufficient gas in the course of, 
say, twenty-four hours, it is suprising how small a plant will do the 
work ; but how far one can go in that direction, of course, is a purely 
financial question, depending upon the cost of the gasholders, etc. 
Producer gas, although not of high calorific value, is more economical 
for use in gas engines, owing to the fact that very much higher com- 
pression can be obtained with it in gas engines, and consequently 
increased thermal efficiency, than would be the case with, say, town 
gas. In conclusion, I am not so sure that gas-engine makers do over- 
rate the power of the engines they sell. I think that very often the 
user underestimates what he needs, and then condemns the engine- 
maker. 

Mr. WM. TaTLow: My experience of suction plants is that they are 
likely to fail when momentarily overloaded, owing to the reduction in 
the calorific power of the gas. In order to overcome this difficulty, I 
have thought of trying an arrangement whereby, іп the event of the 
engine slowing down unduly, the engine governor would cause to be 
injected into the expansion box a few drops of some volatile hydro- 
carbon, thus enriching the poor gas and keeping the engine going to 
tide over the interval of bad gas until the producer fires recover. Such 
a contrivance would be particularly useful where the plant is used for 
driving circular saws, and in any case where the conditions are severe. 
I think that producers are being steadily improved, and will be more 
reliable in the future. Another point worthy of consideration is that 
some of the cheaper qualities of Irish coal contain a considerable pro- 
portion of sulphur, and cannot be used in producers owing to the 
sulphur condensing and forming sulphurous acid, which attacks the 
pistons and cylinders. To get over this difficulty I suggest the use of 
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lime water in the scrubber. Sulphur-bearing coals can be got cheap, 
because people will not use them on account of the difficulty referred 
to. I should like to ask Mr. Porte whether in his experience a gas 
plant uses less water than an equivalent non-condensing steam plant ? 
As regards the simplicity of working producer plant, I know of a plant 
near Wicklow which is run solely by two women. 

Mr. W. J. U. SowrER: Аз a central station engincer the subject has 
a particular fascination for me. I have looked into the matter pretty 
closely, but think it is not politic to put down a plant which can be 
used with practically only one particular class of coal, for obvious 
reasons. I suggest that the combination of steam and gas plant in a 
central station would be economical, because much of the heat wasted 
in the gas blast could be utilised on the steam side, and there would 
be very little waste heat. There are large “ stand-by” losses in steam- 
driven stations, and these can be greatly reduced by the use of gas 
plant. Gas plant, however, must be absolutely reliable before it can 
be installed to any extent in public supply works. Another important 
consideration, too, is the capital cost of the plant. 

Мг. P. S. SHEARDOWN: I think that the difficulty of varying the 
water and air supply to the producer can be easily got over by con- 
trolling the admission by the engine governor, and I really cannot see 
wherc the great difficulties come in, although I have never run a pro- 
ducer myself. Personally I should feel nervous if I had to start up a 
lot of gas engines with the load coming on rapidly. Will the author 
kindly say why it is that very large gas engines are reputed to give so 
much more trouble from back-firing than small engines? It has been 
stated that very large gas engines are less efficient than small ones. Is 
this duc to the fact that the large engines cannot work at so high a 
compression owing to the back-firing difficulty ? 

. Mr.J. TAYLOR: Are any of the responsible engineers present prepared 
to consider seriously the installing of large gas plants? I notice that 
most of the people who use gas plants are not engineers at all, which 
in itsclf is suspicious. I recently inspected a plant having six 500-Н.Р. 
engines in Scotland, and the experience was sufficient to last me a lifc- 
time—the noise, heat, smell, and chattering were appalling. I am told 
that a 1,000 Н.Р. Koerting engine—another plant I have inspected— 
works fairly satisfactorily at half to three-quarter load, but if it were run 
at full load for any length of time it would be speedily knocked to 
pieces! I think no sane engineer would go in for gas driving on а 
large scale at the present time. 

Mr. L. KETTLE : Are the figures distributed broadcast by the engine 
makers founded on facts or only tests? І anticipate considerable 
trouble if, sav, three or four 1,000-Н.Р. gas-driven alternators are 
running in parallel and one or more starts back-firing. 

Mr. А. E. Рокте (in reply): Referring to Mr. Tomlinson's remarks, 
the stopping up of the water nozzles is one of the most serious defects 
in the type of plant alluded to ; many other methods of regulating the 
water supply are in vogue, some of which are fairly successful. 
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Regarding the use of gasholders, I have laid down one plant where 
there were two old existing gasholders which were utilised, and proved 
valuable additions to the plant in various ways. Referring to Mr. 
Tatlow's suggestion to inject a small quantity of hydro-carbon to act as 
a “ pick-me-up” to a failing gas engine, I have thought of trying that 
method, but the gas makers seem to object, so that I have not so far 
tried the experiment. I think the addition of lime water to the purifiers 
to get over the sulphur difficulty well worth trying. The usual quantity 
of water consumed by a gas plant is 15 lbs. per brake horse-power 
hour. Inreply to Mr. Sowter's remarks, peat can be used in producers, 
but as peat usually contains some 9o per cent. of water, means would 
have to be taken to reduce the water to 40 or 50 per cent. before the 
peat could be used for gas making. Mr. Tayloris somewhat pessimistic 
regarding gas plants. I have had a good deal to do with gas engines, 
and certainly my experience does not coincide with his. I could men- 
tion a mill where the steam plant has been taken out and two тоо-Н.Р. 
gas engines substituted. Тһе engines are looked after by the man who 
formerly ran the steam plant, and no stoppages have occurred. A 
saving of £400 per annum is effected by the change. Regarding the 
statement that engine makers do overrate their plant, I am sure that is 
so. А short time since I purchased a 100-B.H.P. engine, and the most 
I can get out of it is 1003 B.H.P. I consider there should be a margin 
of not less than 25 per cent. 


Mr. Porte. 
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NEWCASTLE LOCAL SECTION. 


THE ELECTRIC POWER INSTALLATION AT 
GRANGESBERG IRON MINES, SWEDEN. 


Ву С. RALPH, Member. 
(Abstract of Paper rcad at Mecting, February 4, 1907.) 


The Grangesberg Iron Mines belong to the largest iron mining | 
company in Sweden, and are situated some 200 miles north-west of 
Stockholm. Many thousands of tons of ore have been obtained from 
the surface workings, which have now reached a depth of over 30o ft. 
Shafts have been sunk at the foot of the hill to a depth of about 
600 ft., and will be deepened gradually as the vein is worked out and 
new cross roads are required to meet it at lower levels, till a final depth 
of about 1,800 ft. is reached. 

The power-station is situated at a waterfall about 18 miles away, 
and three-phase current is transmitted to the mine at 8,500 volts 
pressure by an overhead line. (It may be mentioned that in all the 
electrical transmission of power schemes in the country overhead 
wires are employed.) The high-tension current is transformed down 
to 430 volts at the mine sub-station. А synchronous motor coupled to 
a direct-current generator is installed to provide continuous-current 
supply for the winding engine. This set is of about 400 H.P., and the 
reason stated for the employment of a motor-generator instead of а 
rotary converter is that the comparatively high periodicity of 70 is 
used. Also, the over-excited synchronous motor is said to improve the 
power factor somewhat. This motor-generator runs continuously, 
charging a battery of 243 Tudor cells having a capacity of 600 ampere- 
hours at a very high discharge rate. They were found on test, however, 
to be capable of a discharge of goo ampere-hours. Тһе battery is 
divided into three sections, arrangements being made to charge two 
sections only at a time. Тһе battery operates in parallel with the 
motor-generator when winding is in progress. 

The winding machinery is the most interesting part of the installa- 
tion. The winding drums (Figs. 1 and 1a) are of the tapering spiral 
type, frequently used both here and abroad to compensate for the 
weight of the ropes and to facilitate acceleration. On arriving at the 
pit-head gear, the bucket is automatically tipped by curved guides, and 
the material is delivered to the travelling sorting belts driven by 
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induction motors, as is practically all other machinery at the pit-head. 
The daily output is at present about 1,200 tons. 

As shown by the illustration in Fig. т, there is a motor at the outer 
end of each winding drum, the armatures being mounted direct upon 
the drum shafts with no outer bearing. Each motor is a 16-рае 
machine, designed for an output of 500 B.H.P. at a speed of 38 r.p.m. 


— 


FIG. Ia. 
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The two motors weigh 45 tons. The armatures are 8 ft. in diameter, 
commutators 6 ft. diameter, with 1,248 sections. The field magnets are 
compound wound, the ratio of shunt ampere-turns to series ampere- 
turns being 3 to 2 at normal full load and 9 to 11 at starting. The 
current density in the armature conductors is extremely high, reaching 
the figure of 10,000 amperes per square inch section at starting. At 
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the present time, now that winding is done from a comparatively 
shallow shaft, the two machines are coupled in series, giving a speed of 
only 19 г.р. They will be coupled in parallel and the speed doubled 
when the shaft is deepened. The controlling apparatus, which is 
shown in Fig. 3, is extremely simple to manipulate, and seems to be 


Fic. 2. 


thoroughly well thought out and designed, and operates in a most 

perfect manner. The whole of the operations are controlled by one 

lever. This lever works in the inverted U-shaped slot in a steel plate, 

shown in the illustration with cross-sectional lining. The lever is 

sbown in the “ off” position. The direction of rotation of the motors 
VoL. 88. 41 
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and winding drums depends upon which side of the slot the lever 
is pushed forward in. The movement of the lever from the “ой” 
position into the short tail slot puts оп the brake gear. Тһе circuit is 
always made and broken on two single-pole circuit breakers fitted with 
magnetic blow-outs. 

The rheostat for inserting and cutting out resistance in the armature 
circuits consists of a large commutator (shown in the top right-hand 
corner in Fig. 3). This commutator is mounted with the segments 
vertical in a fixed position ; an arm carrying carbon brushes mounted 
on a vertical axis is moved round the commutator by means of a rack 
and pinion, and in rotating cuts out the resistance gradually segment 
by segment. The resistance consists of cast-iron V-shaped strips bolted 
between the commutator arms, and easily removable should a burn-out 
occur. The rack, which gears with the pinion keyed on the movable 
brush arm, is operated by air pressure, the air cylinder being shown on 
the right-hand side of the circuit breakers below the commutator. А 
vacuum dash-pot cylinder, not shown in the illustration, is fixed in 
tandem with the pressure cylinder, and controls the rate of movement 
of the piston, providing an easy means of adjustment of the length 
of time which it is desired to elapse for the cutting out of the 
resistance. 

The method of operation is as follows : Forward movement of the 
lever in either slot causes the lever to catch against a trigger which 
opens a valve and admits compressed air to a cylinder, which forces 
the two circuit breakers on that side to the “оп” position, thus closing 
the main circuit. Air pressure is also admitted to the cylinder which 
operates the rheostat arm by means of a double-piston valve, which is 
linked up to the starting lever. The rack is then pulled downwards 
with a slow, uniform motion, and the resistance gradually cut out of the 
armature circuit. In stopping, the lever on its return movement trips 
the lower trigger in the slot, and mechanically knocks off the hold-on 
catches of the two circuit breakers, thus breaking the circuit. It also 
first moves the bell-crank lever connected to the valve rod of the 
pressure cylinder and admits the compressed air to the bottom end 
of the cylinder, which then returns the moving arm of the rheostat 
quickly to the starting position, inserting all the resistance in the 
armature circuit. 

There is other gearing in connection with this air-pressure cylinder, 
the action of which is as follows. There is a toothed quadrant also 
gearing with another pinion on the rheostat arm. This quadrant is 
connected by a rod to the connecting rod between the starting lever 
and the bell-crank lever which operates the valve. As the rheostat 
arm rotates the quadrant is moved in a downward direction, which 
pushes the connecting-link closer to the fulcrum of the bell-crank 
lever, which is slotted for this purpose. Having moved the connect- 
ing rod closer to the centre, it is evident that a small backward 
movement of the starting lever will not only move the valve to the 
* off" position, but will open the valve to admit air pressure to the 
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bottom side of the piston. In this way the engine-man can control 
the speed of winding when approaching the end of each wind, as he 
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FIG. 4. 


can insert as much resistance as required in the armature circuit. 
Having moved the starting lever to the “ off” position, the operator 
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сап jamb on the brakes by pulling it back into the tail slot, which 
opens a valve to admit compressed air to the brake cylinders, Should 
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anything fail in this valve gear, a treadle is provided in connection with 
another valve and air-pressure supply. There are also emergency hand 
and foot-brakes should the compressed air supply fail. In addition to 
this, in the event of overwinding from any cause the brakes are put 
on automatically by the winding drums themselves tripping a heavy- 
weighted lever. 

The air pressure referred to is supplied by a compressor, driven by 
ап induction-motor in the winding-engine house. The compressor is 
of great size, and supplies compressed, air for rock drills and other 
purposes in the mine at 75 lbs. per square inch. The gear shown іп 
Fig. 1, on the left-hand side of the motor, is for operating the friction- 
clutch mechanism, when required, through the hollow shaft of the 
winding-drum. Men are sent down and brought to bank by a 


KILOWATTS. 


separate winding-gear driven by an induction motor. There is also 
in the winding-engine room a r10o-k.w. motor-generator for supplying 
direct current at 500 volts for the use of the mine locomotives. 

The speed of winding is arranged for a mean speed of ro ft. per 
second for a shaft depth up to about 000 ft. When the shaft reaches 
greater depths the motors will be put in parallel and this mean speed 
doubled. Тһе normal load іп the cage bucket is 5 tons of material, but 
it may be anything up to 74 tons, owing to the variation in the weight 
of a given bulk of material, depending on the proportions of iron-ore 
and stone, etc. The bucket and the unbalanced weight of rope bring 
this up to а maximum load of то tons, upon which calculations have 
been based. The time for acceleration is about ro seconds, and the 
current reaches a maximum of about 1,300 amperes for a few seconds, 
about one-half of which is supplied by the battery. 
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Some curves prepared by Mr. Nordenstrom are shown in Figs. 4, 5, 
and 6, giving— 
. Time in seconds for one wind at various loads. 
The speed of rope in metres per second at various loads. 
. The revolutions per minute of motors at various loads. 
. The total electrical energy supplied per wind at various loads. 
. The useful work on the ropes at various loads. 
. Kilowatt-hours per ton lifted. 
. Kilowatt-hours per wind supplied to the motors at various loads. 
. Actual kilowatt-hours required at the ropes per wind at various 
loads. 
J. Efficiency curve plotted from G and H. 


DL Oommootur» 


There are three electric locomotives employed in the mine. Each 
is equipped with two motors, and capable of exerting a draw-bar pull 
of боо lbs. at a speed of 74 miles per hour. The tubs weigh about 
6 cwt., and carry a load of 24 to 3% tons. They are usually made up in 
sets of about eight, but occasionally the locomotives haul sets of 15 
tubs. The current at 500 volts is collected from overhead wires sup- 
ported on insulators spaced about 13 ft. apart, the rails, which are, of 
course, bonded, serving as the return. Siemens pattern bow collectors 
are fitted on the locomotives, there being two on each, one for each 
direction, the leading one being always out of contact. In the limited 
space in underground roads there is, of course, insufficient room to 
reverse the collector when the direction of travel is reversed, hence 
the use of the two bows. There are earthed guard wires run alongside 
the trolley wires, to minimise the danger of the miners getting a shock 
from accidentally touching the live wires with rock drills or anything 
else they may be carrying on their shoulders. In addition to the three 
locomotives, there are several little portable hauling engines, mounted 
on trucks, each consisting of a motor coupled to a drum on which a 
wire rope is coiled. These are used for drawing tubs out of galleries 
extending beyond the main roads, which are not equipped for the 
electric locomotives. 

I am largely indebted to the engineer of the mine, Mr. Eric 
Nordenstrom, who designed all the mechanical arrangements, and 
to Mr. Clayton, the designer of the electrical machinery, for the 
information contained in this paper. 


1907.] WALKER: REMOTE CONTROL SWITCHGEAR. 635 


GLASGOW LOCAL SECTION. 


REMOTE CONTROL HIGH-TENSION 
SWITCHGEAR. 


CONTAINING A DESCRIPTION OF THE L.C.C. TRAMWAYS 
GREENWICH POWER STATION SWITCHGEAR. 


By FRANK WALKER, Associate Member. 


(Abstract of Paper read February 12, 1907.) 


General Remarks.—Remote control switchgear for generating 
stations containing large units, generating extra high-tension current, 
is of very recent development in this country. A description of 
the switchgear installed in the new Greenwich gencrating station of 
the London County Council may therefore be of interest to many 
enginecrs. 

Apparatus Controlled.—The principal apparatus for the control of 
which the switchgear at Greenwich is designed, consists of :— 


8 3,500-k.w. generators, four only being now installed. These 
give 3-phase current, 350 amperes per phase, Р.Е. о%, 6,600 
volts between phases, at 25 œO per second. Тһе gene- 
rators are star-connected, the centre point of the star being 
earthed. 

28 6,600-volt feeders, to sub-stations outside generating station. 

2 6,600-volt feeders, to sub-stations inside generating station. 

2 6,600-volt feeders transformed to 220 volts, for operating induc- 
tion motors driving station auxiliaries, 

2 125 volts D.C. generators, each giving 1,500 ampercs. 

т battery giving 550-volt or 125-volt supply. 

4 500-k.w. 3-phase induction motors, coupled о D.C. generators, 
each capable of giving осо amperes, 550 volts for supplying 
local tramway service. 


General Arrangement of Switchgear—The switchgear is arranged on 
two galleries, which run parallel to the engine-room ; the centre line 
of the engine-room being also the centre line of the galleries. Plate 
No. 1 shows plans of the galleries, and Plate No. 2 shows a section 
through them, and also elevations of the apparatus arranged on 
the wall. Plate No. т, Fig. т, shows the top gallery which contains all 


636 WALKER: КЕМОТЕ CONTROL [ Glasgow, 


the E.H.T. busbars and main E.H.T. switches, together with isolating 
plugs, and spark-gaps for discharging any excess pressure rise which 
may occur in the cables. 

Plate No. 1, Fig. 2, shows the plan of the lower gallery. Against 
the wall the positions are marked of the E.H.T. generator and feeder 
cables, instrument transformers, etc., front and sectional elevations of 
these being given on Plate No. 2. A 46 panel Г.Т. board is shown, 
enclosed by a wall which is of glazed brick and is 8 ft. 6 ins. high. 
Within this enclosing wall, the position 1$ indicated of the 6,250-k.w. 
transformers, which give 220 volts, 3-phase supply for operating 
station auxiliaries, and also the L.T. switchboard panels controlling 
this. 

Plate No. 4 shows the general scheme of E.H.T. connections. The 
current is led from each generator, through its instrument trans- 
former tank, to a main generator switch ; from this switch it is led 
to a section switch. This controls a set of section busbars which 
supply a group of four feeders. Each feeder is supplied through a 
main switch and instrument transformer tank. Spark-gaps are con- 
nected to each feeder cable, for discharging any excess pressure that 
may occur. Main busbars are provided in two parts, which can be 
interconnected by means of a switch. 

The normal method of running will be to have one or more 
generators feeding the main busbars, which will be interconnected, 
and to which all the feeders will be connected in parallel. 

By withdrawing the isolating plugs connecting it to the main bus- 
bars, any generator may be isolated therefrom, and remain connected 
only to one sct of section busbars supplying four feeders. 

It will be seen that the scheme, generally, is simple and systematic. 
The switches are arranged with respect to the busbars so that the 
minimum length of connecting cable is required ; and the apparatus is 
so subdivided and arranged that in case of 4 breakdown the damage 
will be confined to a small area, and cannot possibly spread and cripple 
the whole gear. 

Referring again to Plate No. 1, Fig. 1 shows in dotted lines the 
E.H.T. cables interconnecting the various switch structures, and also 
the main generator and feeder cables. The arrangement of switches is 
such that these latter cables run in the most simple and direct manner 
possible to the chases provided for them in the face of the wall, without 
any crossing of each other. 

Remote Control.—When the magnitude of the work to be done by 
the main switches is considered, it will be evident that these must be 
of substantial design. Іп an emergency, it is possible that one of the 
switches may be called upon to break the short circuit of the entire 
station plant. There are 49 switches arranged on the top gallery, which 
is approximately 120 ft. long by 30 ft. broad. 

Electrical control is accomplished by the very easy motion of a 3-in. 
handle through 60°. This insures rapid closing and opening, with 
absolute certainty and decision, and the smart response which is neces- 
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sary when synchronising. Тһе action is a very simple one for the 
operator to perform, leaving his attention free to observe the instru- 
ments. 

A comparison on Plate No. 1 of the relative space taken up by the 
Switches on the top gallery and the control desk on the lower gallery, 
will show the gain made by concentration of controlling gear in case 
of observation and rapid manipulation. The E.M.F. of the current 
used for control purposes is 125 volts, and this is obtained from a 
battery. The switchgear control is thus independent of any machinery 
breakdown. Only low-tension current is brought to the control desk. 
Consequently in case of accident to the E.H.T. gear the operator is not 
liable to get confused, and can disconnect the defective parts without 
danger. 

Тһе entire separation of low-tension from the extra high-tension 
circuits enables the latter to be properly arranged in fireproof 
structures. 

Main Oil-Brcak Switches.—The main oil-break tension switches arc 
of the Westinghouse standard-pattern. 

Apparatus Mounted оп Wall.—Plate No. т, Fig. No. т, also shows 
the cable runs from the feeder and generator switches to the wall, and 
indicates that the spark-gaps and instrument transformer tanks, etc., as 
shown on Plate No. 2, are in direct alignment with these positions. 

Commencing at the lower gallery floor level, there is, first, a trifur- 
cating box for every generator cable or outgoing feeder cable ; from 
these boxes the tails are led through porcelain bushings to isolating 
plugs. 

These isolating plugs are mounted on white enamelled slate bases, 
and in separate cells. Тһе cells are made by sliding vertical enamelled 
slate barriers into grooved horizontal top and bottom slabs of enamelled 
slate. Metal beadings run along the front edges of the horizontal slabs. 
Fitted to the beadings are locks, which fasten doors of expanded metal. 
All doors have locks, a door being provided for each set of three 
isolating plugs. Hard wood tongs are provided for withdrawing the 
isolating plugs. Above the isolating plugs, steel channel frames are 
built into the wall. These are protected above and below by slate 
slabs, and carry the tanks containing the instrument transformers. 
The tails from each transformer tank are led to a trifurcating box, 
from which a 3-core lead-covered cable is run to the cable box 
adjacent to the switch dealing with the particular circuit to which that 
cable belongs. From the isolating plugs in the feeder circuits cables 
are led through porcelain tubes to the spark-gaps on the top gallery. 
The spark-gaps are arranged with stout slate barriers between each 
phase, and have expanded metal doors. One door is provided for 
each set of three spark-gaps. 

Along the top of the spark-gap barriers runs an earthing bar, to 
which all the spark-gaps are connected. АП framework of switches, 
switchboards, transformer tanks, expanded metal doors, etc., is earthed 
to this common Баг, thus guarding against shock. The bar, in its turn, 
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is connected by three separate leads to the main condensing water- 
pipes. 

Instrument Transformer Tanks.—These are shown in Figs. 3 and 4. 

Each tank contains three series and two shunt transformers, together 
with three H.T. fuses for the latter. These transformers all stand in oil. 

From their secondary terminals two 3-core cables are taken 
through steel conduit to the control desk and instrument board. 
They are there connected to the various ammeters, wattmeters, 
relays, etc., belonging to the circuit in which that particular tank is 
placed. Ву this means all Н.Т. current is kept away from the 
control desk. 

The arrangement is a very compact one, and as the main H.T. 
cables are sweated to terminals in the tank, which are in line with each 
other, no deviation is made in the alignment of the cables. 

The transformers are all fixed to a cast-iron frame, which can be 
readily withdrawn from the tank. Тһе entire tank can very easily be 
disconnected, and entirely removed or replaced. 

Spark-Gaps.—These are connected in each feeder circuit, to dis- 
charge any excess pressure rise above a set value. 

Their general arrangement is shown in Plate No. 2. The ap- 
paratus consists of a porcelain isolating plug, series and shunted 
spark-gaps, and series and shunt resistances. These are mounted on 
white marble, which, in turn, is insulated from the wall by porcelain 
insulators. Тһе gaps are made up of milled or knurled cylinders of 
non-arcing metal, placed side by side, and separated by air-gaps. 
They are held in position by porcelain pieces. The operation of the 
apparatus is as follows :— 

If the potential in the cable rise sufficiently high, the series gaps 
will be sparked across. If the discharge be sufficiently high, it will 
then meet opposition in the shunt resistance, and pass over the shunted 
gaps to earth, through the series resistance. The arc, which tends to 
follow the discharge, is then withdrawn from the shunted gaps by the 
shunt resistance, and is suppressed by the series gaps aided by both 
resistances. | 

E.H.T. Switch Structures.—Plate No. 5 shows in detail one of the 
E.H.T. switch structures on the top gallery. 

A reference to Plate No. 2 will show, in the section through the 
two galleries, the position of the feeder switch structures, relative to 
other E.H.T. gear. On the steel joists supporting the floor angle irons 
are placed across openings left in the floor for the special trifurcating 
boxes tailing the 3-core cables to the main switches. These 3-core 
cables enter the box below the floor, whilst the tails are led out 
within the 6-in. space above it. Moulded bricks serve the purpose of 
carrying porcelain insulators, through which the tails from the cable 
boxes are led. These tail cables are heavily insulated with rubber. 
From the cable box to the moulded bricks, 24-іп. cement barriers 
are placed between the tails, and beyond the moulded bricks the 
cables are in cells, separated by 44-т. brick walls. The cables 
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pass up the vertical wall of the structure, through porcelain insulators, 
which are set within separate glazed earthenware ducts. Тһеу are 
thus entirely isolated from each other, and are surrounded by 
non-inflammable material till close to the switch terminals, thus 
reducing fire risks to a minimum. The isolating plugs for each 
phase are separated by 4$-т. walls. They are similar to those already 
described in all respects. Where necessary, a special union connec- 
tion is provided at the top terminal, to enable the cable to be readily 
connected or disconnected. The detail view (Fig. 5) of the busbar 
connection shows that this is made by means of a terminal, into which 
the connecting cable is sweated and screwed, and which is fitted into 
a conical hole in the busbars. Lock nuts are provided to prevent 
slacking back. Between the terminals the busbars are wrapped with 
tape, then with insulating cloth to ту in. radial depth ; an outer layer 
of tape, and then a final wrapping of torpedo twine. Тһе terminal 
points are guarded by coverings of moulded ebonite. Тһе busbars at 
these points are supported, as shown, by porcelain insulators ; these 
insulators have ample creeping surface, and are cemented into thick 
slate slabs, which form the bottom of the busbar chambers. The 
covering of these chambers is also of slate slabs, all joints between 
slates being scaled to prevent any dust entering. 

The structure proper is of white glazed bricks laid with cement. 
These will be very easily kept clean and free from dust. Slate 
slabs are built in wherever necessary to support the porcelain insu- 
lators and glazed earthenware ducts. Moulded bricks or stones are 
built in, having holes provided for rag bolts for fixing isolating plugs. 
A steel channel frame is also built in to receive the bolts fixing the 
main switches. 

À beading across the top and a stecl channel across the bottom 
of the isolating plug cells are fixed so that expanded metal doors, 
which are provided for every set of three cells, may be securely 
locked. 

Wherever single-core rubber insulated cables are used for connecting 
between one E.H.T. switch structure and another, these cables are 
run in porcelain insulators supported in glazed earthenware ducts, as 
already shown within the wall of the feeder structure, except that 
these ducts run horizontally and are placed under false floor, the sur- 
rounding spaces being filled in with cement and breeze. It will thus 
be seen that except at the switch terminals the rubber insulated E.H.T. 
cables on the top gallery are, throughout their entire lengths, sur- 
rounded and isolated from cach other by substantial barriers of non- 
inflammable and insulating material. 

Control Desk.—Plate No. 3 shows the general appearance, together 
with that of the instrument board, and their relative positions. It 
will be seen that the operator faces the engine-room. Тһе instrument 
board being fixed in front of, and higher than the control desk, the 
operator can read his instruments, operate his switches, and see what 
is going on in the engine-room without turning round. 
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All the controlling switches, measuring and indicating instruments 
etc., as well as automatic safety devices, are grouped on these two 
boards. 

The desk is approximately бо ft. long. The panels are of white 
marble, fixed to a frame made up of wrought-iron base, vertical 
castings, and top wrought-iron tie straps. Every panel is distinctly 
engraved with the name of the circuit or circuits controlled therefrom. 
No current used about the desk or instrument board has higher voltage 
than 220. None of the metal work outside the desk is alive, so that it 
is impossible for the operator to get any shock. There are eight panels 
each controlling one generator, sixteen panels cach controlling two 


Nard rubber „р. 


С At | ©. 
Р; м 
УЛУ» inching screw. 


> 
Cemenb. 


Fic. 5.—High-Tension Busbar Terminal. 


feeders, and four panels each controlling two sectional groups of four 
feeders. Each generator panel has опе, and each section and feeder 
panel two small controlling switches, together with their red and green 
indicating lamps, as already referred to in connection with the main 
switches. 

Each generator panel has also the following apparatus, namely : A 
switch which operates the engine governors, a bell-push to operate 
a signal bell ; another bell-push having a thin glass cover which must 
be smashed before the push can be operated, and then an electro- 
magnetic device can be actuated which stops the engine ; also three 
sockets for synchronising. Two plugs only are provided for the entire 
desk, these having prongs at different distances, the sockets being 
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spaced equally. This arrangement makes it impossible to short-circuit 
two machines through the synchronising busbars. 

А handwheel is provided for operating the resistance in the 
generator field circuit, with an indicator having sixty divisions, and a 
pointer, suitably geared to travel over the divisions in correspondence 
with the motion of the resistance switch contact brush over its sixty 
contacts. Finally, each generator panel has six switches for signalling. 
Ву means of these, various signals :—“ Slow,” “Run up,” “Оп load,” 
“ Reduce,” “No. т,” “No. 2,” “No. 3,” “No. 4,” “A,” “В,” can be 
illuminated on a telegraph board. This is placed conveniently to be 
seen from all required parts of the station. 

All wiring of the control desk is brought to terminal boards, which 
are conveniently arranged under each panel for connecting up 
purposes. 

Through the centre of the control desk, one of the main roof 
stanchions passes, and around this a frame has been built for pancls, 
on which switches and fuses are placed, controlling the 125-volt D.C. 
supply to the control desk for operating the main E.H.T. switches ; 
also fuses for the signalling circuits ; and a control switch to operate 
the E.H.T. switch. interconnecting the main busbars. А glass- 
fronted cover is placed over this controller to guard against im- 
proper usc. 

The instruments provided for each feeder circuit are: Power- 
factor meter, indicating wattmeter and A.C. ammeter on instrument 
board; and integrating wattmeter with overload, inverse time 
clement, relay for tripping the main switch, on the control desk. 
Each generator circuit has on the instrument board, power-factor 
meter, indicating wattmeter, А.С. ammeter, and О.С. ammeter, and 
on the control desk, integrating wattmeter and reverse current relay 
for tripping the main switch. 

Instrument Board.—The instrument board is shown on Plate No. 3, 
and in the sectional view on Plate No. 2. It consists of steel frames 
each approximately 29 ft. long. These frames are supported on felt 
discs at each end and at their centres. On each frame fourteen black 
enamelled slate panels, each 3 ft. x 2 ft., are mounted, and on these 
the instruments are fixed. 

Conduit System.—All the operating leads from the 49 main switches, 
and secondary leads from the 44 instrument transformer tanks to the 
control desk, and the leads from thence to the signalling boards, 
engine synchroscopes, etc., are run in steel conduit. 

The well-being of these operating and transformer leads is essential 
to the success of the station, and it may be well to state some of the 
points kept in mind in designing the conduit system, and in its erection. 
The conduit itself is of extra heavy solid drawn tube, screwed with 
standard Whitworth gas-pipe threads. | 

Incidentally I should like to deprecate the practice of some conduit 
makers, of drawing the conduit from old and more or less rusty tubes 
taken from locomotives, etc. А slight trace of rust prevents the 
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enamel properly adhering. Тһе enamel, besides being insulating, and 
acid and moisture proof, should be really flexible. Out of nine samples 
tested by the author, only one piece of conduit proved to be coated 
with enamel worth calling flexible. All conduit and fittings should be 
stoved after enamelling. The conduit and fittings should all be bought 
with the threads entirely free from enamel, and care should be taken 
to have all ends cut square, all burrs removed, and all the threaded 
parts long enough to allow the ends to be butted inside the couplings. 

The conduits are of ample size for the leads they contain, the runs 
are short, frequent inspection boxes being provided, the majority of 
these being specially designed. In the boxes barriers are provided, to 
keep the leads belonging to separate circuits apart from each other as 
far as possible. | 

No elbows are used : where possible, the pipes are bent with a long 
sweep, and where space forbids this, standard bends are used. 

The pipes are arranged systematically, and as simply as possible. 
Each pipe has a number painted on it, and by means of a key plan 
referring to these numbers the conduit containing the leads belonging 
to any particular circuit can be readily located. 

The use of fire in bending the conduits should be forbidden, as it 
burns off all the enamel both internally and externally. Тһе runs 
should be designed to make this unnecessary. 

Switchgear for Six 250-k.w. Static Transformers.—Two of the E.H.T. 
feeders supply current to six 250-k.w. transformers, from which 
220-volt, 3-phase current is obtained for operating the station 
auxiliaries. The arrangement of these transformers and of the switch- 
gear in connection with them will be seen from Plate No. 6. The 
E.H.T. cables are led to cable boxes, and thence, through isolating 
plugs, to busbars. Beneath these busbars six openings for the trans- 
formers are provided, fitted with spring-locked Bostwick gates. 

Heavy copper bars are placed across the front of the transformer 
openings, and the secondaries are connected to these through fuses. 
These copper bars terminate at the bottom contact of heavy switches 
mounted on panels, as shown, the switches having removable blades. 

Each panel is provided with a guarded controlling switch and 
indicating lamp, for tripping the main switch controlling that particular 
feeder ; also with three ammeters, 072,000 amperes, and one voltmeter. 

Openings, covered with expanded metal, are left in the floor beneath 
the transformers for ventilation purposes. The transformers are 
mounted on wheels, and can be whceled along steel joists let in the 
floor, from their positions, when required. 

Instruments.—The reverse-current relays are similar in appearance 
to induction integrating wattmeters. They operate on the same prin- 
ciple, and in consequence retain the sensitiveness of those instruments. 
Adjustable contacts for the tripping circuit are arranged to vary the 
amount of reverse current at which it is desired to operate. 

The overload relays are worked by the series transformers in each 
phase, the secondary current passing round the windings of a magnet, 
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between the poles of which is a copper disc, capable of rotating. On 
the same spindle as this disc is a small drum to which a weight is 
attached by a fine cord. Normally the disc is stationary, the tendency 
to rotate being balanced by the moment of the weight. On an overload, 
the disc rotates and winds up the weight, which closes an auxiliary 
circuit, tripping the main switch. Тһе ratio of rotation is proportional 
to the current following in the main circuit, and the time lag may be 
adjusted by altering the length of the cord. 

The arrangement is very sensitive and is found to work well. 

Switchgear in Sub-station.—The switchgear for the sub-station located 
within the main generating station is shown in plan on Plate No. 7. 

E.H.T. current is supplied by two of the main feeders through 
isolating plugs to a set of busbars; from these, through isolating 
plugs, to oil switches. These are operated from the front of the 
switchboard, by hand, through rods and bell-crank levers. 

From these switches cables run to the instrument transformer 
tanks, and thence to the E.H.T. induction motors. 

The oil switches are of the hand-operated type, and are arranged to 
be tripped electrically from several positions in the sub-station. 

The general arrangement of the E.H.T. apparatus within its masonry 
is similar to that already described. 

The E.H.T. induction motors are coupled to D.C. generators, each 
capable of giving 9oo amperes at 550 volts. 

There are nine switchboard panels, four each fitted with E.H.T. 
switch handle, ammeter, Р.Е. meter and indicating wattmeter. Two 
of these panels have guarded control switches with indicating lamps 
for tripping the main switches of the feeders supplying the sub- 
station. 

There are four L.T. panels controlling the sub-station D.C. репе- 
rators. Each has reverse - current, loose -handle circuit - breaker, 
ammcter, two knife switches, and a circular change-over switch, 
having a starting and a running position. 

The ninth panel is a common starting panel Іп front of the 
switchboard a pillar is erected having a handwheel and shaft, geared 
to operate a starting faceplate and resistance, which is mounted behind 
the switchboard. 

The connections are arranged so that by putting the change-over 
switch on its starting position, and closing the switch and circuit- 
breaker on the common starting panel, any of the sub-station sets can 
be run up through this common D.C. starting arrangement. 

The British Westinghouse Electric and Manufacturing Company, 
Ltd., were responsible for the whole of the switchgear, which was 
arranged exactly in accordance with complete and detailed designs 
prepared by Mr. J. H. Rider, Chief Electrical Engineer to the London 
County Council Tramways. 


M T 
У оғ THE k 
UNIVERSITY 
X of М 


ЬЯ ГД 2 № 
txt cxt 


ay — 


РР РРР Ж 


Spark карэ. park gaps. 
— =- 
Feeders. Feeders. 


wall. 
| L 


solating lugs & C DO ' 
ent transformers. 
71— 
aw 
| == 
E = 
E —1 Sub 
Testing “о j= static 
resistance. “о -< 
% 
$ 
E 


Enclosi ng 


1 E 
resistance. 


оса! Substation 
switchgear: 


Digitized by Google 


€ a ou =» = 


OF THE 
УМ. УЕРЯТУ 


OF 


К FORKS 
ME rd 


E 


Ш un. 


Earth bar. 


27 А 
ж. 
\ din 
- [7] 
zm 4 = | 
Ба 
| 
ИЕ 
= 


з 
321 


(Hi ж 


РИТА N 


TR: 
Іі 
wv 
g 
Ф. 
р 
2 


2 
Ж 222266 LEX am M i" 


ni lai | 
Teak deals’ _ m rorcelain 


ron brick. 


Ж 
- Trifurcating 
А ох. 


2 рал ent 
ransformer 
ank, 


A 9317 Shi gh. 


2 
Trif bi 
eas gas 


ОШ ШШШ | 


212222222027 m д в 


GALLERIES. ы by Google 


p" чан 


ЗНАЯ Y 

OF THE 
UNIVERSITY 
OF 


а= > 
LER A Er Te IT oe, 
cL SR A I даны a oe TP ge 


board. 


— MÓ—Ó—— 9 T ERE 


J Control desk. 


Digitized by Google 


ARAR T 
or THE 


UNIVERSITY 


| 


CABLES TO НТ МОТОЯ$ 


INSTRUMENT 
TRANSF ORMERS 


T. SWITCHES 


LATING PUOS ` 
A Amd up 
M. 


LOCAL 
SUB- STATION 


r 


SECTION BUS BARS | | | | | | 


| 
| 
| 


MAIN BUS BARS 


GENERATOR 


t mm 


ы ov THE 
UNIVERSITY \ 
o! / 


е i 

^ D ү А [* E i 

€x. 1 ; C. М | nd 
лж I8 


ль -.- 


45 bars. 75 m m 
BESS ^ 


iv 


union. № = ш 
БЫ 
ng plug I ПЕ 
а D 
сы ЁШ 

door |! 


ии 
БЕНЕН 


SECTION THRO' FEEDER SWITCH. 


ER 


p TCR P 


Bent cable box. 


Digitized by Google 


MO 2 a HN 
Е OF THE 
Ja YERSITY 
X OF 2 
Ға Tape c P "hn 


| 
ULM 
T X + - 


Б СІ” 
! ашық айны яғнн 
я Ё d TT 
nts. i | о о) o o | | 
Ф | | 
O 
~ | EE 
S | EN 
ЭБ [o 
м, ----3 lo?$— 


tat- 


\ 


NO 
— _ 


Digitized by Google 


| 


оғ 
г 
pe dd awe ds 
„== 


C\BRARY 
ОҒ THE 


UNIVERJITY 


dH i u i 
HHH ees | 
sab | 


X 
ААА ле 
NNNNA 


NS 


2 


» 


: EN wane » 


WINS 

Pee | Lis 2 
Жа 

"OC 

я 


Р 
ША есе РО PR 


i TA AA 


И ие, il 
5555, | 
ў | ПИ” © 


ES ө 
A IS 
% 


ГГ к 
ae: met HE 
| НЕЕ Ғғ ТО 


DE eee ee 


elena 


Digitized by Google 


! 


C\BRAR > 


or THE 
UNIVERSITY | 
uF / 
SX suat | 


INDEX. 645. 


INDEX TO VOL. 38. 


1906—1907. 


EXPLANATION OF ABBREVIATIONS. 


[P] signifies a reference to the general title or subject of a Paper. 

[?] signifies a reference to a subject incidentally introduced into a Paper. 

[D] signifes a reference to remarks made in a Discussion upon a Paper, of 
which the general title or subject is quoted. 

[d] signifies a reference to remarks incidentally introduced into a discussion 
on a Paper. 


Note.—The lists of speakers in the Discussion upon any Paper will be 
found in the Table of Contents at the beginning of the volume. 


A. 


Асіапа, К. L., on regenerative control (D), 387. 

Address, Inaugural, of Dr. R. T. Glazebrook, as President 4 

Allen, P. R., on transmission by direct current (D), 537. 

Analysis of Magnetic Leakages in Induction Motors, A. Baker and J. T. Irwin 
on (P), 190. 

Andrews, L., on transmission by direct current (D), 528. 

Ayrton, Professor W. E., on light standards (D), 318. 

, on life tests of lamps (р), 367. 


Bailey, F., on transmission by direct current (D), 515. 

Baily, Prof. F. С., апа У. S. Н. Cleghorne on Some Phenomena of Commutation 
(P, D), 150. 

Baker, А., and ). T. Irwin, оп Magnetic Leakages т Induction Motors (Р), 190. 

Baxter, W., on regenerative control (D), 394. 


VOL. 88. 49 


646 INDEX. 


Baylor, A. K., on regenerative control (D), 390. 

BIRMINGHAM LOCAL SECTION :— 
The Heating Coefficient of Magnet Coils, С. А. Lister on, (P, D), 399. 
Inaugural Address of Chairman, В. А. Chattock, 126. 

Bohle, Professor H., on Modern Transformer Design (P), 590. 

Bottomley, Dr. J. T., on commutation (D), 185. 

Bowden, J. H., on rotary converters versus motor-generators (р), 443. 

Bowman, Dr. F. H., on magnetic leakage (D), 586. 

Breaking of Trolley Wires, P. S. Sheardown on (P), 603. 

Broughton, H. H., on testing of electric machinery (D), 8r. 

Brown, H. G., on the Track Circuit as Installed on Steam Railways (P, D), 107. 


C. 


Calisch, L., on new incandescent lamps (D), 263. 
Campbell, А., on life tests of lamps (р), 368. 
, on testing of electric machinery (D), 78. 
Cape Explosive Works, R. S. Mansel on (P), 599. 
CAPE TOWN LOCAL SECTION :— 
Modern Transformer Design, Professor H. Bohle on (р), 590. 
Three-Phase Electric Power Transmission at the Cape Explosive Works, 
R. S. Mansel on (P), 599. 
Carbon lamps, comparative life tests оп (2), 358. 
Chattock, R. A., Inaugural Address as Chairman of Birmingham Local Section, 
126. 
Cleghorne, W. S. H., and Professor Е. С. Baily, on Some Phenomena of Commu- 
tation (P, D), 150. 
Coils, Magnet, Heating Coefficient of, G. A. Lister on (P, D), 399. 
Commutation, Professor F. С. Baily and W. S. H. Cleghorne on (P, D), 150. 
Conductivity, Electrical, of Metals, Professor J. J. Thomson on (P, D), 455. 
Control, Regenerative, А. Raworth on (P, D), 374. 
Cooper, W. R., on light standards (D), 328. 
Cramp, W., on Magnetic Leakage (P, D), 548. 
‚ on rotary converters versus motor-generators, (D), 444. 
Crapper, Professor E. H., on regenerative control (D), 386. 
Creedy, F., on testing of electric machinery (0), 84. 


D. 


Davies, H. S., on new incandescent lamps (0), 264. 
Dawbarn, R. À., on transmission by direct current (D), 525. 
Direct Current, Transmission by, оп the Series System, J. S. Highheld on (P, р), 
471. 
Donations, 26, 105, 106, 210, 269, 270, 373, 454, 469, 547. 
Dow, J. S., on light standards, (D), 339. 
DUBLIN LOCAL SECTION :— 
Note on Suction-Producer Plant, A, E. Porte on (P, D), 603. 
Some Notes on the Breaking of Trolley Wires, P. S. Sheardown on (Р), 
603. 
Duddell, W., on the track circuit (D), 120. 


INDEX. 647 


Elections, 26, 104, 210, 267, 372, 453, 540. 

Electric Power Installation at Grangesberg Iron Mines, Sweden, G. Ralph on 
(P), 626. 

Engineering Standards Committee, work of, Dr. В. T. Glazebrook on (2), 11. 

Epstein, Professor J., on Testing of Electric Machinery and of Materials for its · 
Construction (P, D), 28. 

E vershed, S., on testing of electric machinery (р), 75. 


F. 


Fasola, J. J., on transmission by direct current (D), 519. 

Fearnley, A. R., on regenerative control (D), 387. 

Field, M. B., on rotary converters versus motor-generators (D), 446. 
Flame standards, C. C. Paterson on (f), 271. 

Fleming, Dr. J. A., on new incandescent lamps (D), 238. 

, on light standards and glow lamps (D), 308. 

Fleming. А. P. М., on testing of electric machinery (D), 93. 

Frith, J., on magnetic leakage (D), 584. 

Fynn, V. А., on testing of electric machinery (г), 78. 


G. 


Garrard, Dr. C. C., on magnetic leakage (D), 585. 

Gaster, L., on new incandescent lamps (D), 255. 

, on light standards and glow lamps (0), 336. 

, on life tests of lamps (р), 369. 

Gill, F., оп the track circuit (D), 119. 

GLASGOW LOCAL SECTION :— 
Remote Control High Tension Switchgear, F. Walker on (P), 635. 
Some Phenomena of Commutation, Professor F. С. Baily and W. S. Н. 

Cleghorne on (P, D), 151. 

Glazebrook, Dr. R. T., Inaugural Address as President, 4. 

‚ on heating of magnet coils (D), 417. 

, on new incandescent lamps (0), 265. 

Glow Lamps, Light Standards and, C. C. Paterson on (Р), 271. 

Goldschmidt, R., on magnetic leakage (D), 588. 

Goldston, В. C., on regenerative control (D), 391. 

Goodman, ]., on testing of electric machinery (D), 91. 

Grading of Glow Lamps (d), 329. 

Grangesberg Iron Mines, Electric Power Installation at, С. Ralph on (р), 626. 

Greenwich Power Station Switchgear, F. Walker on (P), 635. 


H. 


Harcourt, А. V., on light standards (D), 333. 

Harker, Dr. J. A., on new incandescent lamps (р), 227. 
Harrison, Н. T., on new incandescent lamps (D), 261. 
‚ on light standards (D), 317. 

Hawkins, C. C., on heating of magnet coils (b), 425. 


648 INDEX. 


Haworth, H. F., T. H. Matthewman, and D. H. Ogley, on Life Tests of Incan- 
descent Lamps Using Alternating Currents (P, D), 350. 

Hay, Dr. А., on heating of magnet coils (D), 419. 

Heating Coefficient of Magnet Coils, G. A. Lister on (P, D), 399. 

Heaviside, A. W., on disturbance of telegraph and telephone circuits (d), 532. 

Helion lamp (d), 259. 

Hesketh, T., on transmission by direct current (D), 509. 

Highfeld, J. S., on the Transmission of Electrical Energy by Direct Current on 
the Series System (P, D), 471. 

Hirst, H., on new incandescent lamps (D), 244. 

Hobart, H. M., on heating of magnet coils (D), 419. 

, on transmission by direct current (D), 521. 

Howell, I., on light standards and glow lamps (D), 335. 


Incandescent Lamps, Comparative Life Tests oí, Haworth, H. F., on (P, D), 350. 

Incandescent Lamps, New, J. Swinburne on (P, D), 211. 

Induction Motors, Leakage in, A. Baker and J. T. Irwin on (P), 190. 

International Electrotechnical Commission, Dr. Glazebrook on the (р), 11. 

Investigations on Light Standards and Present Condition of the High-Voltage 
Glow Lamp, C. C. Paterson on (P), 271. 

Irving, E. C., on the track circuit (D), 119. 

Irwin, J. T., on transmission by direct current (b), 524. 

on testing of electric machinery (D), 78. 

and A. Baker on Magnetic Leakage in Induction Motors (P), 190. 


9. 


Jenkin, В. М., on transmission by direct current (р), 516. 
Jenkins, Н. C., on regenerative control (р), 39r. 
Johnson, А. H., on the track circuit (D), 121. 

Just- Wolfram lamp (а), 254. 


K. 


Kapp, Professor G., on new incandescent lamps (D), 229. 
, on testing of electric machinery (D), 81. 

, on transmission by direct current (0), 504. 
Kelsall, A. H., on commutation (р), 184. 

Kelvin, Lord, on transmission bv direct current (р), 502. 
Kettle, L., on suction producer plant (D), 624. 

King, W. М. Y., on regencrative control (D), 393. 


L. 


La Cour, А., on rotary converters and motor-generators (D), 441. 
Lamps, Present Condition of High-voltage, C. C. Paterson on (P, D), 271. 
‚ New Incandescent, J. Swinburne on, (P, D), 211. 


INDEX 649 


Lamps, Life Tests of, H. F. Haworth, T. H. Matthewman, and D. H. Ogley on 
(P, D), 350. 
Lea, Н., on heating of magnet coils (D), 414. 
Leakage, Magnetic, W. Cramp on (P, D), 548. 
Leakages in Induction Motors, A. Baker & J. T. Irwin on (P), 190. 
LEEDS LOCAL SECTION :— 
Inaugural Address of Chairman, С. Wilkinson, 131. 
Regenerative Control of Electric Tramcars and Locomotives, А. 
Raworth on (P, D), 374. 
LeMaistre, C., on light standards (р), 328. 
Life Tests of Incandescent Lamps, H. F. Haworth, T. H. Matthewman, and 
D. H. Ogley on (P, D), 550. 
Light Standards and High-Voltage Glow Lamps, C. C. Paterson on (P, D), 271. 
Lister, С. A., On the Heating Coefficient of Magnet Coils (P, D), 399. i 


Mackinney, V. H., on new incandescent lamps (D), 246. 
Magnet Coils, Heating Coefficient of, G. A. Lister on (P, D), 399. 
Magnetic Leakage, W. Cramp on (P, D), 548. 
Leakages in Induction Motors, A. Baker and J. T. Irwin on (P), 190. 
MANCHESTER LOCAL SECTION :— 
Rotary Converters versus Motor-generators, M. Walker on (P, D), 428. 
Inaugural Address of Chairman, T. L. Miller, 137. 
Magnetic Leakage and its Effect on Electrical Design, W. Cramp on 
(P, D), 548. 
Mansel, R. S., on Three-Phase Electric Power Transmission at the Cape 
Explosive Works (P), 599. 
Marchant, Professor E. W.,on life tests of lamps (D), 369. 
Marsh, E. J., on regenerative control (р), 389. 
Matthewman, T. H., H. F. Haworth, and D. H. Ogley on Life Tests of Incan- 
descent Lamps Using Alternating Currents (P, D), 350. | 
Mavor, Н. А., on commutation (р), 182. 
Melting points of refractory metals (f), 216 (d), 228, 255. 
Metallic Filament Lamps (P), 211 (р), 226. 
Metals, Electrical Conductivity of, Professor ]. J. Thomson on (P, D), 455. 
for lamp filaments (f), 222. 
Metals, refractory, melting points of (р), 216 (d), 228, 265. 
Miller, T. L., Inaugural Address as Chairman of Manchester Local Section, 137. 
‚ оп rotary converters versus motor-generators (D), 436. 
Modern Theory of Electrical Conductivity of Metals, Professor J. J. Thomson 
on (P, D), 455. 
Transformer Design, Professor Н. Bohle on (P), 590. 
Moissan, H., death of, 470. 
Могаеу, W. M., on testing of electric machinery (р), 81. 
on transmission by direct current (D), 531. 
Morris, ]. T., on new incandescent lamps (D), 253. 
on light standards (D), 334. 
— —— on life tests of lamps (D), 367. 


650 INDEX. 


Motor-Generators, M. Walker on (P, D), 428. 

Motors, Induction, Leakage in, A. Baker and J. T. Irwin on (P), 190. 
Munro, H. D., on new incandescent lamps (D), 245. 

Murphy, L., on heating of magnet coils (D), 415. 


N. 


Nernst lamps, comparative life tests оп (f), 358. 
New Incandescent Lamps, J. Swinburne on (P, D), 211. 
NEWCASTLE LOCAL SECTION :— 
Inaugural Address of Chairman, H. L. Riseley, 147. 
The Electric Power Installation at Grangesberg Iron Mines, Sweden, 
G. Ralph on (P), 626. 
Nicholson, J. S., on commutation (D), 184. 


О, 


Ogley, D. Н., Н. Е. Haworth, апа Т. Н. Matthewman, оп Life Tests of Incan- 
descent Lamps Using Alternating Currents (P, D), 350. 

Orsettich, R., on heating of magnet coils (D), 415. 

“ Osmi " lamps (d), 246. 

Osmosis, L. Andrews on (d), 528. 

“ Osram " lamps (d), 245, 254. 


P. 


Paris, E. А., on regenerative control (b), 389. 

Patchell, W. H., on life tests of lamps (D), 367, 370. 

‚ on testing of electric machinery (D), 63. 

‚ оп transmission by direct current (D), 513. 

Paterson, C. C., оп tests of new incandescent lamps (D), 233. 

‚ оп Light Standards and High-voltage Glow Lamps (P, D), 271. 

, on life tests of lamps (D) 307. 

Pearce, S. L., on rotary converters versus motor-generators (D), 437. 

Peck, J. S., on rotary converters versus motor-generators (р), 443. 

‚ on testing of electric machinery (D), 66. 

‚ on transmission by direct current (D), 526. 

Phenomena of Commutation, Professor F. G. Baily and W. S. H. Cleghorne on, 
(P, D), 150. 

Photometry, effect of atmospheric conditions on (f), 272 (d), 332. 

Porte, A. E., on Suction Producer Plant (р, р), боз. 

Producer Plant, А. E. Porte on (P, D), 603. 


Railways, Track Circuit on, H. G. Brown on (P, D), 107. 

Ralph, G., on the Electric Power Installation at Grangesberg Iron Mines, 
Sweden (P), 626. 

Raphael, Е. C., on the track circuit (D), 121. 

Raworth, А., оп Regenerative Control (P, D), 374. 


INDEX. 651 


Raworth, J. S., on regenerative control (D), 394. 

Rayleigh, Lord, on the modern theory of electrical conductivity of metals (D), 465. 
Rayner, E. H., on heating of magnet coils (D), 423. 

, on testing of electric machinery (D), 70. 

Regenerative Control of Tramcars, А. Raworth on (P, D), 374. 

Remote Control High-Tension Switchgear, F. Walker on (Р), 635. 

Riseley, H. L., Inaugural Address as Chairman of Newcastle Local Section, 147. 
Robertson, C. J., on new incandescent lamps (D), 259. 

‚ on light standards (0), 311. 

Robinson, E. L., on commutation (0), 184. 

Rose, T. А., on light standards (0), 339. 

Rotary Converters, M. Walker on (P, D), 428. 

Russell, А., on disruption of insulating materials (d), 529. 

, on heating of magnet coils (D), 422. 

, on light standards (D), 313. 


S. 


Sayers, H. М., on new incandescent lamps (0), 260. 

‚ on the track circuit (D), 117. 

Sayers, J., оп the track circuit (р), 122. 

Sayers, W. B., on commutation (0), 183. 

Schoepf, T. H., on rotary converters versus motor-generators (D), 446. 

Schultz, G., on testing of electric machinery (0), 92. 

Semenza, G., on transmission by direct current (D), 531. 

Series System, Transmission by Direct Current on the, J. S. Hightield on (P, р), 
471. 

Sheardown, P. S., on suction-producer plant (D), 624. 

‚ on the Breaking of Trolley Wires (P), 603. 

Skinner, C. E., on testing of electric machinery and materials (D), 62. 

Smith, C. F., on heating of magnet coils (р), 416. 

‚ on magnetic leakage (D), 585. 

Snell, А. T., оп new incandescent lamps (D), 262. 

Solomon, M., on new incandescent lamps (D), 242. 

Southgate, H. M., on rotary converters and motor-generators (D), 445. 

Sowter, W. J. U., on suction-producer plant, 624. 

Sparks, C. P., on life tests of lamps (D), 368. 

‚ on transmission by direct current (D), 507. 

Standards, Dr. R. T. Glazebrook on (f), 6. 

of Light and Glow Lamps, С. C. Paterson on (P, D), 271. 

Suction-Producer Plant, А. E. Porte on (P, D), 603. 

Swinburne, J., on New Incandescent Lamps (P, D), 211. 

Switchgear at Greenwich Power Station, F. Walker on (P), 635. 

‚ Remote Control, Е. Walker on (P), 635. 


т. 


Tantalum lamps (d), 236. 
Tantalum lamps, behaviour of filaments of (d), 232, 238, 260. 


Tantalum lamps, life tests on (2), 360. 


652 INDEX 


Tatlow, W., on suction-producer plant (D), 623. 

Taylor, А. M., on heating of magnet coils (D), 415. 

Taylor, J., on suction-producer plant (D), 624. 

Testing of Electric Machinery and Materials, Professor J. Epstein on (P, D), 28. 

Thompson, Professor S. P., on new incandescent lamps (D), 232, 238. 

‚ on the modern theory of electrical conductivity of metals (D), 466. 

Thomson, Professor J. J., on the Modern Theory of Electrical Conductivity of 
Metals (P, D), 455. 

Thorrowgood, W. ]., on the track circuit (D), 117. 

Three-Phase Electric Power Transmission at the Cape Explosive Works, R. S. 
Mansel on (р), 599. 

Tilney, M. J. E., on transmission by direct current (D), 536. 

Tomlinson, T., on suction-producer plant (0), 622. 

Track Circuit on Steam Railways, H. G. Brown on (P, D), 107. 

Tramcars, Regenerative Control of (P), 374. 

Transfers, I, 25, 104, 106, 209, 270, 372, 409. 

Transformer Design, Professor H. ВоШе on (P), 590. 

Transmission line for 3-phase power at Cape Explosive Works (р), 600. 

Transmission of Electrical Energy by Direct Current on the Series System, J. S. 
Highhfeld on (P, D), 471. 

Trolley Wires, Breaking of, P. $. Sheardown on (P), 603. 

Trotter, А. P., on light standards (D), 325. 

Turnbull, C., on new incandescent lamps (0), 263. 


U. 
Units, Dr. R. T. Glazebrook on (f), 6. 


V. 
Visit of kindred Institutions (f), 5. 
Vote of Thanks for Presidential Address, 23. 


W. 


Walker, F., on Remote Control High-Tension Switchgear (P), 635. 

Walker, M., on Rotary Converters versus Motor-Generators (P, D), 428. 
Whysall, F. H., on rotary converters versus motor-generators (D), 446. 
Wigham, |. C., on light standards (D), 332. 

Wild, L. W., on light standards (D), 315. 

Wilkinson, G., Inaugural Address as Chairman of Leeds Local Section, 131. 
Wilson, C., on light standards (D) 329. 

Wilson, H. W., on magnetic leakage (D) 587. 

Wraith, H. O., on regenerative control (D), 393. 


Y. 
Yerbury, H. E., on regenerative control (D), 388. 


Z. 
Zircon lamps (d), 233, 237. 
Zircon-Wolfram lamp (а), 238, 256. 


UNWIN BROTHERS, LIMITED, THE GR 


FT :QEINO AND LONDON 
yrs Fi д -,7-. 


wl 
Z 
XS 
ina! 
“т 
i 1 
и 


ЗЫ 


- та = т.” 


RETURN TO the circulation desk of any | 

University of California Library 
or to the 

NORTHERN REGIONAL LIBRARY FACILITY 

Bldg. 400, Richmond Field Station 


University of California 
Richmond, CA 94804-4698 


ALL BOOKS MAY BE RECALLED AFTER 7 DAYS 
2-month loans may be renewed by calling. 
570 (41%) 642-6753 


1-уеаг loans may бе recharged by bringing books 
to NRLF 


Renewals and recharges may be miade 4 days 
prior to due date 


DUE AS STAMPED BELOW 


—APR 23 1992 ————— — —— 


